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(57) Abstract: Disclosed are methods of identifying toxic agents, e.g., cardiotonic agents, using differential gene expression. Also 
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METHOD OF IDENTIFYING TOXIC AGENTS USING DIFFERENTIAL 

GENE EXPRESSION 

Field of the Invention 

The invention relates generally to the identification of cardiotoxic agents in heart tissue 
5 using differential gene expression. 

Background of the Invention 

An unfortunate drawback associated with otherwise promising drugs is that they induce 
unwanted side effects as well as their intended therapeutic effects. Often, these side effects do 
not become apparent until the drug has entered, or even completed, clinical trials. For example, 
10 the serotonin reuptake inhibitors, dexfenfluramiae (Redux) and fenfluramine (Pondimin), have 
been recently used to treat obesity. In spite of their demonstrated effectiveness as anorectic 
agents, significant side affects have been associated with these compounds. In particular, it has 
been reported to result in valvular heart disease in a subset of patients to which they are 
administered. 

1 5 Cardiotoxicity associated with administration of dexfenfluramiae and fenfluramine can 

range from pulmonary hypertension, valvular heart disease and death. Clinical manifestation can 
include shortness of breath, fatigue, swelling of the feet, chest pain and heart murmur. 
Histopathologic findings included plaque-like encasement of the leaflets and chordal structures 
with a "stuck-on" appearance and intact valve architecture. In addition, valve features are 

20 identical to those seen in ergotamine toxicity or carcinoid disease. 

Summary of the Invention 

The invention is based in part on the discovery that certain nucleic acids are differentially 
expressed in cardiac tissue of animals treated with cardiotoxic serotonin modulators (e.g., 
dexfenfluramine fenfluramine and dihydroergotamine) compared with non-cardiotoxic serotonin 
25 modulators (e.g., fluoxetine, sibutamine, and sumatriptan). These differentially expressed 
nucleic acids include novel sequences and nucleic acids sequences that, while previously 
described, have not heretofore been identified as serotonin modulator responsive. 

In various aspects, the invention includes methods of method of screening a test agent for 
toxicity, e.g., cardiotoxicity. For example, in one aspect, the invention provides a method of 

1 



BNSDOCID: <WO 0163279A2 I > 



BNS Daae 2 



♦ 



WO 01/63279 PCT/US01/05693 

identifying a cardiotoxic agent by providing a test cell population comprising a cell capable of 
expressing one or more nucleic acids sequences responsive to serotonin modulators, contacting 
the test cell population with the test agent and comparing the expression of the nucleic acids 
sequences in the test cell population to the expression of the nucleic acids sequences in a 
5 reference cell population not treated with a serotonin modulator An alteration in expression of 
the nucleic acids sequences in the test cell population compared to the expression of the gene in 
the reference cell population indicates that the test agent is cardiotoxic. 

In an another aspect, the invention provides a method of assessing the cardiotoxicity of a 
test agent in a subject. The method includes providing from the subject a cell population 

1 0 comprising a cell capable of expressing one or more dexfenfluramine and fenfluramine 

responsive genes, and comparing the expression of the nucleic acids sequences to the expression 
of the nucleic acids sequences in a reference cell population that includes cells from a subject 
whose exposure status to a cardiotoxic agent is known. An alteration in expression of the in the 
test cell population compared to the expression of the nucleic acids sequences in the reference 

1 5 cell population indicates the cardiotoxicity of the test agent in the subject. 

In further aspect, the invention provides a method of screening a test agent serotonin 
modulating activity. For example, in one aspect, the invention provides a method of identifying 
a serotonin modulating agent by providing a test cell population comprising a cell capable of 
expressing one or more nucleic acids sequences responsive to serotonin modulators, contacting 

20 the test cell population with the test agent and comparing the expression of the nucleic acids 
sequences in the test cell population to the expression of the nucleic acids sequences in a 
reference cell population not treated with a serotonin modulators.. An alteration in expression of 
the nucleic acids sequences in the test cell population compared to the expression of the gene in 
the reference cell population indicates that the test agent is a serotonin modulator. 

25 Also provided are novel nucleic acids, as well as their encoded polypeptides, whose 

expression is responsive to the effects of serotonin modulators. 

Unless otherwise defined, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Although methods and materials similar or equivalent to those described herein can be 
30 used in the practice or testing of the present invention, suitable methods and materials are 

described below. All publications, patent applications, patents, and other references mentioned 
herein are incorporated by reference in their entirety. In the case of conflict, the present 
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specification, including definitions, will control In addition, the materials, methods, and 
examples are illustrative only and not intended to be limiting. 

Other features and advantages of the invention will be apparent from the following 
detailed description and claims. 

5 Detailed Description of the Invention 

The present invention is based in part on the discovery of changes in expression patterns 
of multiple nucleic acid sequences in rodent heart cells following exposure to serotonin 
modulating agents. The serotin modulating agents included the serotoin uptake inhibitors, 
dexfenfluramine, fenfluramine, fluxetine, sibutamine; the selective serotonin receptor agonist, 
10 sumatriptan; and the non-selective serotonergic agonist dihydroergotamine. 

The differentially expressed nucleic acids were identified by administering the LD I0 dose 
of each serotin modulating agent to 12 week old male Sprague Dawley rats for three days. 
Control animals received sterile water or canola oil. The animals were sacrificed 24 hours 
following the last dose. Liver tissue was dissected from the animals, and total RNA was 
1 5 recovered from the dissected tissue. cDNA was prepared and the resulting samples were 

processed through using GENECALLING™ differential expression analysis as described in U. S. 
Patent No. 5,871,697 and in Shimkets et aL, Nature Biotechnology 17:798-803 (1999). The 
contents of these patents and publications are incorporated herein by reference in their entirety. 

Thousands of gene fragments were initially found to be differentially expressed in rat 
20 heart tissue in response to serotonin modulating agents in. Genes fragments whose expression 
levels were modulated greater than ± 1 ,5-fold were selected for further analysis. 

A summary of the sequences analyzed are presented in Table 1 . Column 6 of Table 1, 
entitled "Function", lists the type of classification assigned for the protein, based on its function. 
The 210 single nucleic acid sequences identified herein, are referred to herein as CARDIOTOX 
25 1-210. 

Differential expression of CARDIOTOX 1-139 gene fragments was confirmed using a 
unlabeled oligonucleotide competition assay as described in Shimkets et aL, Nature 
Biotechnology 17:198-803. The mitocondrial gene fragments (CARDIOTOX 140-210) were not 
subjected to further analysis due to the suprisingly large number of fragments identified. 
30 However all the serotonin modulating agent had a significant impact on the of mitochondrial 

3 
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genes critical to the oxidative phosphorylation pathway. This finding is significant as an 
impaired oxidative phosphorylation pathway will increase the amount of reactive oxygen species 
within an organ and, in turn, increase the potential for cardiac damage. Thus, these genes are 
potential useful general toxicity markers for the serotonin modulators. 

5 Seventy-three sequences (CARDIOTX: 1-7, 10-13, 19-34, 45-53, 58-85, 1 1 1-1 13, 120, 

130, 132-134 and 138) represent novel rat genes for which the sequence identity to sequences 
found in public databases suggesting a putative homology. t 

The 137other sequenced identified have been previously described. For some of the novel 
sequences (/.e., CARDIOTX: 1-7, 10-13, 19-34,45-53, 58-85, 111-113, 120, 130, 132-134 and 

10 138), a cloned sequence is provided along with one or more additional sequence fragments (e.g. 9 
ESTs or contigs) which contain sequences substantially identical to, the cloned sequence. Also 
provided is a consensus sequences which includes a composite sequence assembled from the 
cloned and additional fragments. For a given CARDIOTOX sequence, its expression can be 
measured using any of the associated nucleic acid sequences may be used in the methods 

1 5 described herein. For previously described sequences database accession numbers are provided. 
This information allows for one of ordinary skill in the art to deduce information necessary for 
detecting and measuring expression of the CARDIOTOX nucleic acid sequences. 

By comparing of the genes differentially expressed in response to the various serototin 
modulating agents it was possible to generate gene profiles capable of distinguishing between 
20 cardiotoxic (dexfenfluramine, fenfluramine and dihydroerogtamine) and noncardiotoxic 
(fluoxetine, sibutramine and sumatriptan) serotonin modulationg agents. 

The serotonin modulating agent responsive nucleic acids discussed herein include the 
following: 
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TABLE 1 



Pescrition of Sequence 



GenBank 



Effects on Transcription Level 



3 



DEXFENFLURAMINE modulated only 



E 

-G 

_2 



| 

e 



Functional Role 



CARDJOTOX 
Assignment 



Novel gene fragment. 524 bp, 86% 81 to mouse F-bcx 
protafaFBXBb(AF17BSZ6l 



N/A 



♦13 



♦1.4 



+1.3 



♦1.3 



♦13 



♦13 



0135.02 UBtQUTTIN CYCLE 



SEQtONQ 



1.2 



AfcwrfgoTO ftdyujo»t 3Q8tp, 91% SI to mouse km 
dimstyipopnrt^ i^iaptof related protein 4 [AB013o74] 



N/A 



-13 



-1.1 



-1.3 



-13 



-1.4 



-13 



0431 



UPTD METABOUSM 



Move/ 0sn* fragment 540 bp, 97% SI to mouse skeletal 
muscle alpha ■ctln ptD3768| 



N/A 



♦23 



♦13 



-1.2 



-1.1 



♦1.2 



♦2-4 



03313133 STRUCTURAL ARM: ACTOT3 ft SHORT FILAMENTS 



Novel gan* fragment, BO bp 



N/A 



-13 



-1.1 



-1.3 



-1.3 



-1.4 



-1-4 



09 



UNKNOWN FUNCTION 



*J5 



ftovet gene fragment 857 bp. 99% SI to kidney fc^koy 
ass o cia ted motecute HWD38 IV80591] (from patent 
database) 



N/A 



-13 



-1.4 



-1.4 



-1.0 



-1.4 



-13 



09 



UNKNOWN FUNCTION 



/Stove/ gene fragment. 282 bp, 85% SI to human 
KIAA1515 protein IAB0409481 



N/A 



-1.7 



-1.3 



-13 



-1.4 



-1.2 



^1.7 



09 



UNKNOWN FUNCTION 



7.8 



Move/ sen* fragment 40Sbp , aa% SI to human 2- 
racngtttarate dehydrogenase [010523} 



N/A 



+13 



♦1.4 



♦1.2 



-1.4 



♦13 



+13 



UCP2 



AB010743 



-13 



-13 



•1.3 



-1.3 



♦1.0 



•13 



043433 ATP/PROTON MOTIVE FORCE INTERCONVERSIOM 



10.11 



Plasma membrane Ca2+ ATPase-feoforrnl 



J03753 



-13 



-13 



-1.1 



►13 



-1.4 



-13 



04*11,0232 CATIONS 



FENFLURAMINE MODULATED ONLY 



Move/ gene fragment, 242 bp, 97% S] to mouse HSPSS 
heafcahock protein [X16857I 


N/A 


♦1.4 


♦13 


+1.4 


♦t.4 


+13 


♦1.4 


013131 MOLECULAR CHAPERONE 


10 


12,13 ' 


Novel gotut fragment, 2 80b p. 65% SI to human TRF1- 
Waraeting, aakyrin-retattd AOP-oceaa polymerase 
[AF0825S8) 


N/A 


♦1.4 


♦13 


♦13 


♦13 


+13 


♦1.4 


05 TISSUE ARCHITECTURE 


11 


14 


Move/ gane fragment, 349 bp, 88% 81 to mouse SecBI 
protaki complex gamma subuni |U1 1027] 


N/A 


♦13 


♦13 


♦1.2 


♦1.4 


+1.4 


♦13 


073232 TRANSMEMBRANE PROTEINS 


12 


18,16 


Nova/ gene fragment. 553 bp, 03% SI to mouse SJd329 
[AB024S84] 


N/A 


♦1.4 


♦13 


♦1.1 


♦1.1 


+13 


♦1.4 


09 UNKNOWN FUNCTION 


13 


17.18 1 


KruppeMke nansertptfon (actor 


ASQ20759 


♦13 


+1.7 


+13 


♦1.1 


+13 


♦13 


0131 mRNA TRANSCRIPTION 


14 




Rttxwomal protein L3 
Gtucose-regulated protein (GRP) 73 


X82168 


♦1.4- 
+1.4 


+23 
♦13 


+1.1 


♦13 


+1.4 


♦1.4 


013231 RIBOSOMAL PROTEPi 


15 




tmmunogtobuin heavy chain binding protein (BIP) 


S78S56 
M14050 


+1.4 


+23 


+1.3 
+1.4 


♦1,1 
-1.1 


+13 
+13 


♦1.4 
♦1.4 


013331 MOLECULAR CHAPERONE 
013331 MOLECULAR CHAPERONE 


18 
17 




Mentfuane-spaniimg proteoglycan NG2 


XS6S41 


-1.4 


-13 


-1.2 


-1.1 


-1.4 


-1.5 


0532 EXTRACELLULAR MATRIX 


18 




DEXFENFLURAMINE AND FENFLURAMINE MODULATED ONLY 






Naval gene fragment, 1294 bp, 98% SI to mouse Suit 
(etF) hamotog tAF129S8S) 


N/A 


+1.6 


+13 


+1.1 


♦1.1 


+1.1 


♦13 


0132.05 TRANSLATION FACTORS 


19 


1930.21 


Novel gene fragment 723 op, 85% SI to human 
translation Hbatien factor e!F3 p40 mtuml iU54S59] 


N/A 


♦13 


+1.5 


+1.0 


-1.1 


+13 


+13 


013235 TRANSLATION FACTORS 


20 


2233 


Novel gene fragment. 1324bp, 76% 8! to human 
Bavoprotetn suburot of complex II [D30S48I 


N/A 


+13 


+1.5 


♦13 


♦1.4 


+1.3 


+13 


04.0431 CITRIC ACID CYCLE 


21 


2435 


Novel gene fragment 852 op . 81% Si to human vacuolar 
pfotofeATPase tubunft M9-2 [Y1 52881 


N/A 


♦13 


+13 


+1.2 


♦13 


♦1.4 


♦13 


04.1132 PLASMA MEMBRANE SHUTTLING 


22 


2337 


Novotgerte fragment I78bp, 91% SI to mouso myosin 
Dght chab*^ tsoform MLC-2a [S70765J 


N/A 


♦13 


♦13 


♦13 


♦1.4 


+13 


♦1.4 


05313134 STRUCTURAL ARM: HEAVY FILAMENTS 


23 


28 


Move/ gene fragment, fff7 Pp. 90% SI to mouse Rab2Q 
[X80332] 


N/A 


♦1.7 


♦13 


-1.2 


+1.0 


♦13 


♦13 


083133 SYNAPTIC VESICLE COMPONENTS 


24 


29 | 


Novel gene fragment. 1070 bp, 80% SI to human muscta- 
spedSo protaki [AF249873] 


N/A 


♦13 


+1.7 


♦1.3 


♦13 


+13 


♦13 


09 UNKNOWN FUNCTION 


25 


30,31.32, 
33,34 I 


Novel gene fragment, 1143 bp, 62% SI to human 
sarcoma ampffled sequence (SAS) [UoltSO] 


N/A 


+1.7 


+13 


+1J2 


+1.3 


+1.4 


♦1.7 


09 UNKNOWN FUNCTION 


28 


35,30 


Move/ gene fragment, 74 bp, 75% SI to human secreted 
protein [X30160] (from patent database)/ PC97578} (from 
patent database) / potential cytoktoe) 


N/A 


+13 


+13 


+1.2 


-13 


+1.4 


♦13 


09 UNKNOWN FUNCTION 


27 


37 I 


Novel gene fragment, 408 ftp, 90% SI to human CGI-07 
protaki [AF1 32941) 


N/A 


+13 


♦13 


+1.2 


-1.0 


+13 


+13 


09 UNKNOWN FUNCTION 


28 


38,39 I 


Novel gene fragment. 51 8 bp, 95% SI to rat progression 
related cONA, ZNPE-120 3*cnd partial sequence [patent 
database XB0805) 


N/A 


+1.5 


+13 


+1.4 


+1.0 


♦13 


♦15 


09 UNKNOWN FUNCTION 


29 


40.41 1 


Nov*} gene fragmant 717 bp 


N/A 


+1.5 


+13 


♦1.2 


♦13 


+13 


♦1.5 


09 UNKNOWN FUNCTION 


30 


42,43 j 


Novel gene fragment. 548 bp 


N/A 


+13 


♦1.5 


♦1.1 


♦13 


-13 


+13 


09 UNKNOWN FUNCTION 


31 


44.45 j 


Novel gone fragment, 920 bp, 91% SJ to human 
HSPCOBI (AF181548] 


N/A 


♦1.5 


+13 


+1.4 


♦13 


+13 


♦ 1.5 


09 UNKNOWN FUNCTION 


32 


48,47 I 


Nave) gone fragment. 203bp . B2% SJ to rabbQ 
sarcoptasmte reticulum glycoprotein 10O448O] 


N/A 


-1.7 


-1.7 


-1.4 


-13 


-1.1 


-1.7 


09 UNKNOWN FUNCTION 


33 


48 I 


Novel gene fragment. 1 TSbp, 68% SI to mouse IgG 
receptor (bata-F«-g^mrna-RIlKM83159] 


N/A 


+13 


+13 


+1.3 


♦1.4 


♦13 


♦1.4 


10 INFLAMMATION 


34 


49 1 


RIbosomal protein 13 


XS7107 


+13 


♦13 


+1.2 


♦1.4 


♦1.4 


♦13 


0132.01 RIBOSOMAL PROTEIN 


35 




CAP2 protein {adenyfjl cydaso-ossodatad protein 2) 


U3193S 


+Z0 


+23 


♦1.4 


+1.4 


♦ 13 


+2.0 


02 SIGNAL TRANSDUCTION 


38 




Alprm-olatelet-danVed growth factor receptor 


M63837 


+13 


+13 


♦13 


-1.1 


-1.0 


♦13 


02.0231 TYROSINE KINASE RECEPTORS 


37 




Rab GDI alpha protein 


X74402 


-13 


-13 


-1.3 


-1.1 


♦1.1 


-13 


0237 OTP/GDP EXCHANGE FACTORS 


38 




PKC-zeta-frxteracting protein 


Y083S5 


+13 


+1.5 


♦1.1 


-1.2 


♦13 


+13 


02.1131 SERINE/THREONINE KINASES 


39 




ERKorMAPjtinas* 


XS519S 


+1.S 


♦13 


♦1.3 


♦1.4 


♦1.4 


♦1.5 


02.1131 SERJNE/THREONiWE KINASES 


40 




Peroxisomal muftifuncBonal enzyme type U 


U3748S 


+1.5 


+13 


+1.3 


+13 


+13 


+1.5 


0431.0232 PEROXISOMAL BETA OXIDATION 


41 




HBP23 (herna-btndlng protein 23 KDa) 


030035 


♦1.7 


♦13 


+13 


+1.3 


+1.3 


♦1.7 


0439 DETOXIFICATION 


42 




Caveolae-associated protein 


U9072S 


+33 


+1.5 


+1.3 


-1.0 


♦13 


+3.1 


0731 PLASMA MEMBRANE 


43 




Prenylated rab acceptor 1 (PRAl) 


AF0255QB 


+13 


+13 


+1.2 


+1.4 


+1.0 


+13 


08.0333 SUBSTRATE/ VESICLE SORTING 


44 




DEXFENFLURAMTN E.FENFLURAMJNE, D JHYTJROERGOTAMINE MO DULATED ONLY 






Novel gone fragment, 337 bp. 88% SI to rahhS cartflac 
ryanodine receptor (RyR-2) [U50465J 


N/A 


-1.7 


-13 


♦1.3 


-1.3 


•23 


-1.5 


02.0332 ION CHANNELS 


45 


50 1 


Novel gene fragment. 81 bp, 85%SttohumanttUn 
rX90588l 


N/A 


-2L2 


-13 


-1.1 


-1.3 


-2.8 


-23 


053131 CYTOSKELETON COMPONENT 


48 


51 


Novel gone fragment. <28bp, 86% SI to human tifo 

[xooseai 


NJA 


-2.0 


-1.8 


♦1.1 


-1.1 


-1.7 


-23 


033131 CYTOSKELETON COMPONENT 


47 


52 1 


Novel gone fragment, 374 bp, 83% S| to human tain 
[X905SB] 


N/A 


-2.3 


-1.8 


♦1.1 


-1.2 


-53 


•23 


053131 CYTOSKELETON COMPONENT 


48 


53 


Novel gene fragment, 428 bp, 85% S) to human tBtn 
PC90568] 


N/A 


-23 


-13 


-1.3 


-1.3 


-33 


•23 


053131 CYTOSKELETON COMPONENT 


49 


54 


Novel gene fragment, 1216 bp, 93% SI to mouse 
nticrotutwte-essodatodprotain PAAP) ffi protein 
IAF1 15778] 


N/A 


-13 


-1.7 


-1.2 


-1.1 


-13 


1 


05.0331 


50 


55.58 


Navel gam fragmant, 1 1 1 5 bp, 83% SI to human 
K1AA0S49 protein [AB01 1121] 


N/A 


-23 


-13 


-1.4 


-1.4 


-13 


•2.1 


09 UNKNOWN FUNCTION 


51 


S7.S8.59 f 


Novel gene fragment, 153 bp 


N/A 


-1.7 


-1.7 


-1.4 


-13 


-1.7 


-1.7 


09 UNKNOWN FUNCTION 


52 


80 1 
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Naval gena ftagmnii. 69 bp. 33% SI to human putative 
gtebtestome eel dUtamnttaOofw*Mcdprotttn (GBOR1 ) 
[AF0631B5J 


MIA 


*1.6 


♦1.8 


-1.0 


+1.4 


+1.6 


+13 


09.01.01.01 


CANCER 


S3 


01 


Rho-aasodated fcinase beta 


U81266 


-1.9 


-1.8 


-1.2 


-1.1 


•2.6 


-1.10 


02.11.01 


SERINE/THREONINE KINASES 


54 




Adenylate Unaso 3 


D130O2 


1-1.5 


♦1.8 


♦U 


+1.4 


+1 5 


+13 


02.11.03 


NONPEPTJDE3 KINASES 


55 




Amyloid beta-pepfide binding protdn 


AF049878 


+1.5 


♦1.8 


+1.3 


+1.3 


+1.7 


+13 


04.01.0Z01 


MrrOCHONDRIAL BETA OXJDATtON 


56 




Mitochondrial adenine nulooUdo trsnaiocstor 


D12771 


♦1.5 


+1.6 


♦ 1.4 


♦1.4 


+1.8 


+13 


04.04.03 


ATP/PROTON MOnve FORCE INTERCOMVER31 ON 


57 




ai i sERorroNtm modulators 






Novel geno fragment, 710 bp, 94% SI to mouse chromatin 
structural protein homotoa SuptShp (SuptSh) [U83539j 


WA 


+3.8 


♦3.4 


+2.B 


+7S 


+28 


+3.0 


01.01 


mRNA TRANSCRIPTION 


56 


62,63 


Move* gene ©Bgmeni 161 ebp . 87% SI to mouse 
mitochondrial ganes coding tor throe transfer RNAs 
{spectSetorPhe, Vol ood Leu). 12S rbosoma] RNA, and 
1 63 riboMmd RNA tV00e6S] 


NM 


-3.7 


-3.3 


-2.0 


-1.7 


-28 


-3,8 


013331 


R1BOSOM AL PROTEINS 


69 


84.66 


Novo! geno fragment. 180 bp, 65% SI to human N- 
acetyJgtuwsarrtnyttransferosel (GlcNAo-TI)[M55S21| 


NXA 


-1.7 


-3.0 


-Z7 


-1.9 


-13 


-13 


01.04,01 


6LYCOSYLATION 


60 


58.67 


Novel gent fragment, 238bp, 85% 81 to mouse MAP 
kkiase-ecthrated protein kinase 2 {X76850] 


NtA 


-2.1 


•2A 


-1,7 


-2.8 


-13 


•Z7 


0Z11.01 


SERINE/THREONINE KINASES 


81 


88 


Alawtf oan« frrHTninri. 173 bo 70% St to G CfotfiJn- 
ooupled receptor kinase GRK4 [XB75S8| 


NJA 


-ai 


4A 


-4.7 


-5.3 


-7.2 


■8.11 


02.1131 


SERINE/THREON1NH KINASES 


62 


6Q 


Novel gen* fragment 133 bp. 77% SJ to human apoptoils 
related pret«bi hSARP3 fpatont database: V191 14] 
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-3.4* 


-3.1 


-2.8 


-2.0 


-2.5 


-3.2 


03.03.06 


CELL DEATH REGULATION 


63 


70 


Novo) gor» trsgmant, 477bp. Q8% SJ to peroxisomal 
BhvtanoyWCoA hydroxylase (PHYH) IAF1213451 


NJA 


+5.0 


+48 


+3.7 


♦7,0 


+8.0 


+5.1 


04313202 


PEROXISOMAL 8ETAOX1DATIOM 


64 


71.72 


MjujjiJ jijina /lajjiiim^ its &b fi£4fc SI to mouse 
dTnydroflpoamlde dehydrogenase (Dtd)[U73445) 


NJA 


+1 0 


*ZJ> 


♦2.0 


+1.8 


+2.2 


♦1.1 
0 


0434 


OXIDATIVE PHOSPHORYLATION 


65 


73 


Nov*igon» fragrnvrk, 736 ip, 75% SI to human 
eacctnete dehydrogenase ffavoprateln subusit (SDK) 
(L21930) 


NJA 


-4.1 


-4.0 


-4,4 


-3.0 


•33 


-4.1 


04.04,01 


CITRIC ACOD CYCLE 


86 


74.75 


Afcwal aane ftaoniant. 440 bo 92% SI to mouse 
cytochrome c oxttas* VJJo [XB2G40] 


NM 


+3.8 


+4.0 


♦2.1 


+11.5 


+4.1 


+3,7 


04JM32 


ELECTRON TRANSPORT CHAIN 


67 


76.77 


AJovw/ pens fraomart, 27Q op, 80% SI to human tftln 
[X80S88j 


MIA 


-At JO 


.1X7 
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-e.e 
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11.1 
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05.0431 


CYTOSKEL6T0N COMPONENT 


68 


78 


Novel gart* fragment, 143 bp, 70% S3 to human Btin 

rxeosaai 
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-5J 


■5.S 


-3.7 


-2.4 
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CYTOSKELETON COMPONENT 


89 


79 


Navel genu fragment 467bp, 04% 61 to mouse golsotn 
[J049531 
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-3.2 


■3.0 


-3.8 


•1.7 


-1.8 


■3.2 
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REGULATORS 


70 


60.01 


Ajbvef parte tep/natnL 535b* 80% €1 to mouse 
slowrcardtse troponin C [M297B3] 


NiA 


-2.0 


A.7 


-2.0 


-1.B 


-1.7 


0.1 
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CONTRACTILE GA+2 REGULATORS 


71 
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Novel gun* Gagman!. 445 bp. 65% S) to human skeletal 
muscle alpha 2 wtlnfn [M8e408| 
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BINDING PROTEINS 
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Move/ewe fragment, 243 bp, 80% 61 to tnoucs pontin-1 
[AF076887) 
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05.03.01 


INTERFACE WITH CYTOSKELETON 
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Mbwf oern fragment 126bp, 77% SI to human DMA 
eequanoa from oosrnfct V311G7, between markers 
DX3308 and DXSB7 on chromo*omo X tZ69304| 
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♦1.8 
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UNKNOWN FUNCTION 
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Novol gena fragment 370 bp 
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•2.7 
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UNKNOWN FUNCTION 
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Novel genu frogmont, 337 bp, 79% 61 to novel human 
MOteM AHNAK [MB0aa»J 
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UNKNOWN FUNCTION 
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Novel gene fraoment 100 bp. 03% 81 to human 

tdt A AlTTCn . - _ ■■ r - » A DrV4 B^fffl 
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UNKNOWN FUNCTION 
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Novel gent rrapmo/Jt, 4* op 
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09 


UNKNOWN FUNCTION 
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ApOVSr ffQftw nagp&BrUi Ova sK w jh»»/-w 

prolne9>101 JAF0S2SS5) 
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-2.3 


-Z.S 


-2.3 


-2.3 
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-Z3 
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UNKNOWN FUNCTION 
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Nove^finne fiagment; 660 bp, 04% SI to mouse 
membrane protfltn TM S-2 [AF1 81685} 
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09 


UNKNOWN FUNCTION 
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Nowl oene fragment, 7 7 top 
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UNKNOWN FUNCTION 
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Novo/ pay» fTBgrrranL 29 4b p. 95% SI to mouso Ndrl 
rabted protein Ndr3 {ASC33B21) 
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■3.0 
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-Z0 


09 


UNKNOWN FUNCTION 
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Novel gen* tmgmsrit, 19Bbp 


NiA 




♦2,7 
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+3.1 


+23 


+23 


09 


UNKNOWN FUNCTION 


S3 


99 


Ntnmlgw fagpwi, 730bp, 86% SI to mouse EB0O 
[Y10958J 
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-Z1 
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-S3 


09 
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Move) gen* tragmatlt, 294bp, B8% SI to cysteine 
conjugate beta-Vas* [SQ1690] 
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-1.7 
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Acongaso 
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-3.1 
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-2.9 


-3Z 


-1.9 


04,0431 
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Ribosomal protein L7 


U17422 


+2,5 


+ZS 


♦2.7 


+3.7 


+27 


+23 


0132.01 


R IB OS OMAL PROTEINS 
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Rtboaornai protgln Lfl 
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+5 0 


+10. 
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01.02.01 


RIBOSOWAL PROTEINS 
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Rtbesomal proteth LT2 
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R1BOSOWALPROTE1NS 


89 
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VUldtf u 
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+5 
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RJBOSOMALRNAs 
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Pyruvate deh/drosenese ktnsjo 2 (PDK2) 


U10357 


-8.0 


^.7 


-11J 


.0.5 


-53 


-8.10 


0Z1131 


SERINE/THREONINE KINASES 
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O-Blndlng Protsln (DBP) 


J03179 


-1.9 


-1.9 


-13 


-1.7 
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-1.4 


0Z1431 


TRANSCRIPTION FACTORS 
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L^opioteln Goose 


L03294 


-2.2 


-2.3 


-3.7 


-2.5 


-Z2 


•2.2 


04.0tA>1 


FATTY ACID SYNTHESIS 
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Non-ftfturartal enotase 


X02610 


♦3.5 


+3 5 


+3.1 


+3.1 


+3,1 


+3.5 


043331 


GLYCOLYSISA3LUCOMEOGENESJ3 
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Glycogen phoepherybiso (nuxh beEyme) 
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-2.0 


-2.3 


-3.0 


-2.0 


-Z7 


-Z8 


04.0X02 


OLYCOOEN MANIPULATION 
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Cytochrome c oxidaie sUburdl IV 
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+1O0 


+B.0 
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+4,1 


+10. 
0 
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ELECTRON TRANSPORT CHAIN 
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Alpha-gfobtn 
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+3.0 
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+2,9 
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+3.9 


+3.6 


04.1131 


EXTRACELLULAR TRANSPORT 
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Oeta-gfdbln 
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+3.1 


+3.8 


♦4.0 


+5J0 


+33 
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1 


04.11^1 


EXTRACELLULAR TRANSPORT 
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Myoglobin 
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♦4.7 


♦4.0 


+2.2 


♦7J) 


+3.9 
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04.11. 01 ill 


OXYGEN 
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Tiltn 


L38717 
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-1.8 
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♦1.8 


•5.4 


•2.1 


0531.01 


CYTOSKELETON COMPONENT 
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Skeletal rmisda octln 


V01218 


-1B5 


•14.9 


-13.1 


-3.8 


-14.3 
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05,01.0133 


STRUCTURAL ARM: ACTtNS A SHORT R LAMENTS 


101 




Myosin tight chain 2 (MLC2) 


M11851 


+2.6 


+2U 


+3.8 


♦1.9 
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+23 


05.01.0134 


STRUCTURAL ARM: HEAVY FILAMENTS 


102 




Alpha cardiac myosin heavy chain 


X15938 


-3.4 


-7.5 
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-3.5 
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STRUCTURAL ARM: HEAVY FILAMENTS 
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Troponin 1 
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+1.8 


+1.8 


+1.6 


♦1.6 


+13 


+1.8 


05.0t.0333 


CONTRACTILE CA+Z REGULATORS 
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Cardiac catsequestrii 
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-2.9 


-Z4 


-Z4 
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-Z1 


•23 


05,01.0333 


CONTRACTILE CA+2 REGULATORS 
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-1.8 


-1.8 


•2.2 
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05.02 


EXTRACELLULAR MATRIX 
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Aquaporin7 
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+1.5 


+1.5 
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♦1.8 


♦1.7 


+13 
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SURFACE STRUCTURES 
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Cnrnillne/acytcamltlna canter protein 


XS7831 


-2.3 


-2.8 


-2.6 


-1.9 


-23 


•2.8 


07.03 


MITOCHONDRtAN 
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Gtu-Pro Dlpaplido Repeat 


U4082S 


-3,0 


-6.8 


-3.1 


-5.5 


-5.1 


-8.2 


0931.02 


UNASSOCIATED 


109 




Cystatln beta 
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+2.5 


+2.7 


♦2.5 


♦3.1 


♦Z8 
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LL SEROTONIN MODULATORS EXCEPT SUMATRIPTAN 






Novel geno fntgrnvrt, 533 bp, 80% SI to human 
caJdneurin B-Ute protein tZ08S831 
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+2.1 


+2.1 


+Z1 


+1.7 


+1.1 
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SERINE/THREONINE PHOSPHATASES 
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Novolgu* fragment, 179 bp, 88% SI to human Utto 
pwosea) 
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05.01.01 


CYTOSKELETON COMPONENT 
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Novel gem fragment. 700 bp, 91% SI to mouse pedpbldn 
[PPU[AFt1G&S3] 
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05.19 


OTHERS / TISSUE ARCHTTECTURE 
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Long chain acjnVCoA dehydroganaM ( LOAD) 
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MITOCHONDRIAL BETA OXIDATION 
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Sulfated ob/coprotelo 1 (SGP»-1) 
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-2.0 


•2.1 


-2.3 


-1.7 


-13 
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GAN6UOSIDE BIOSYNTHESIS 


115 
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+2.1 


+2.1 


+1.0 


+13 
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♦2.1 


043932 


OXYGEN RADICALS 
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Atpho-fotfrin (A2A) (NoneryttwoW epectrin alpha subunft) 
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-1.8 


•t.6 


^.0 


-1.5 


-1.7 


0531.01 


CYTOSKELETON COMPONENT 
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BNSDOCID: <WO 0163279A2 I > 
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WO 01/63279 FCT/US01/05693 
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-2.1 


-2.1 


•2.9 
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07.01.01 


ION PUMPS 
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Git > Pro D^cjjtido RcpcflA 


U40528 
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♦2.7 


*6.0 


*u> 
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UKAS30C1ATED 
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ALL SEROTONIN REUPTAKE INHIBITORS 




HOvmtgmn* tngm^ ZOObp. 64% S3 to human KUA073: 
proWnlASOIMie] 


fttA 




-1.7 


-1.0 


-1.3 


-1-2 


-1J8 


09 


UNKNOWN AJKCTKMJ 
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109 


RN* po*raemse 0 ka*sen>Uon (actor SIB (pi * eubuaft) 


L42S5S 


♦2j0 


♦1.7 


♦1.6 


♦20 


♦L4 


♦Z1 
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mRNA TRANSCRIPTION 
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Protth-ryrasfric phosphatase (LRP) 
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♦1.7 


*2& 


♦1.5 


*US 


♦1.4 


♦1.8 


02.1ZD2 . 


TYROSINE PHOSPHATASES 
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U2S2S4 


-1.6 


-1JI 


-1JB 
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-1.4 


-1j6 


0440 


DETOXIFICATION 
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Sarcoptronfc ratkuknn 2+-C3'ATP»o 
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-1jS 
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•2J0 
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•2.1 
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CONTRACTILE Ce+2 REGULATORS 
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ALL SEROTONON MODULATORS EXCEPT 6UMATRIPAM AND FLUOXETINE 
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♦LB 
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RJSOSOMAL PROTEINS 
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Rtbophtrtil 
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♦1.0 
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+1-6 


*2J0 
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GLYCOPROTEMS 
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Bets canttac iiTfosln hravy chrti 
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*2A 


♦Z3 


♦1.4 
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-1.6 


+22 
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STRUCTURAL ARM: HEAVY F11AMEWTS 
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DtHYDROERCOTAMlNE MODULATED ONLY 






ADP-dbcsytabon factor 1 
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[ M.2 
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SMALL OTP BtNDWO PROTBMS 
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EROTONIM MODULATORS EXCEPT OtHYOROERGOTAMIN G 




Lomnln receptor 
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INTERFACE WITH EXTRACELLULAR MATRDC 


I 129 




LL SEROTQKH MODULATORS EXCEPT SJBUTRAM WE 




Nonigan* trvgmvJ, 208 bp. 69% SJ to human seryt- 
tfiNA syntbetas* pC91257| 
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AMINO ACVL tRNA SYNTHETASES 
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□EXrefFLURAMlNE^eNFLURAWlNE. DtHYDROEROOTAMWEANO SUMATRIPTAN MODULATED ONLY 
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♦3.S 
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UNKNOWN FUNCTION 


I 131 




DEXFEN FUlRAMINCrPEKFlJURAKINE, AND SUMATRIPTAN MODULATED ONLY 
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♦L4 
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UNKNOWN FUNCTION 
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Notre/gene Oagmwtt, 337 bp 
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♦1.0 


-1.1 


-1.2 


-2.1 


09 


UNKNOWN FUNCTION 
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Move! gene fragment ft bp 
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09 


UNKNOWN FUNCTION 
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TATA-btodng prate*) biteracting proatta 120 (TtP120) 
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TRANSCfttPTlON FACTORS 
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FENFLURAMINE AfK> SUMATRIPTAN MODULATED ONLY 




Luig-ehsai Uatcmey»CaAtMoh«* 
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MITOCHONDRIAL BETA OXIDATION 
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FENFLURAMINE, SIBUT AMINE AND DJHYDROERGOTAMIWE MODULATED ONLY 
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CYTO SKELETON 


I 137 




DEXFENFLURAMIKE, FENFLURAMINE, AND S IB UTAAONE MODULATED ONLY 
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LUMCMAL PROTONS 
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DEXFENFLURAMTNE. FENFLURAMINE. AND FLUOXETINE MODULATED ONLY 
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P4tOTEOLYS» 
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Mitochondrial genome (bp 2783-2990) 




e^ 


X 


V 
A 


V 


x 

A 


x 

A 




145 




MBacboodrial genome (bp 3444-3647) 
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Mitochondria} genome (bp 3444-3879} 
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Mitochondrial genome (bp 3S2S-3936) 
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Meocftwdltai genome (bp 5322-5613) 
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Mitochondria) genome (bp 5336-5613) 
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Mftochondrial genome (bp 5983-6041) 
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Mitochondrial genome (bp 6074-61 59) 


X14648 


X 


X 


X 




X 






154 




Mitochondrial genome (bp 6247-6414) 


X1484S 


X 


X 


X 


X 


X 


X 




135 




MJtochondrieJ genome (bp 6431-6503) 


X14848 


X 


X 


X 


X 


X 


X 




ISO 




M Rocbondrfa] genome (bp 6SQ3*T22) 


X1464G 


X 


X 


X 


X 


X 


X 




157 




Mitochondrial genome (bp 6S98-683B) 


X1484B 


X 


X 


X 


X 


X 


X 




196 




M gecftoodrtal genome (bp 6538-6380) 


X14848 


X 


X 


X 


X 


X 


X 




159 




MJtecboodrfol genome (bp 6590-6090) 


X14048 


X 


X 


X 


X 


X 


X 




ISO 




Mfochondrtal genome (bp 6598-6680) 


X14648 


X 


X 


X 




X 






161 




MSechoodrial genome (bp 6598-6695) 


X14648 


X 


X 


X 


X 


X 


X 




1S2 




Mloctwodrta} genome (bp 6598-6900) 


X14648 


X 


X 


X 


X 


X 


X 




183 




MftochottdrtaJ genome (bp 6536-6909) 


X146U 


X 


X 


X 


X 


X 


X 




164 




Mitochondrial genome (bp 6813-6722) 


X14M8 


X 


X 


X 


X 


X 


X 




I6S 




Mitochondria) genome (bp 6717-6672) 


X14648 


X 


X 


X 


X 


X 


X 




166 




MBecfaondrtal genome (bp 6717-6890) 


X14848 


X 


X 


X 


X 


X 


X 




167 




Mitochondrial genome (bp 6717*6695) 


X14646 


X 


X 


X 


X 


X 


X 




166 




Mitochondrial genome [bp 6717-6325) 


X14848 


X 


X 


X 


X 


X 


X 




169 




Mlochoadftai genome (bp 7034-7240) 


X14846 


X 


X 


X 


X 


X 


X 




170 




Mtecboadrfal genome (bp 7474-7640) 


X14648 


X 


X 


X 


X 


X 


X 




171 




Mitochondrial genome (bp 7474-7642) 


X14648 


X 


X 


X 


X 


X 


X 




172 




Mitochoadnal genome (bp 7474-7656) 


X14848 


X 


X 


X 


X 


X 


X 




173 




Mtodmadrtei genome (bp 7583.7079) 


X1484A 


X 


X 


X 


X 


X 


X 




174 




Mitochondrial genome (bp 7812-7961) 


X1464G 


X 


X 


X 


X 


X 


X 




175 




Mtocbasdrtsl genome [bp 7622-6249) 


X14648 


X 


X 


X 


X 


X 


X 




178 




MRocboadrfal genome (bp 7959-6024) 


X14B48 


X 


X 


X 


X 


X 


X 




177 




MKecboadrtal genome (bp 7650-6302) 


X14846 


X 


X 


X 


X 


X 


X 




178 




Mtocaoadrfe) genome (bp 62694571) 


X14S48 


X 


X 


X 


X 


X 


X 




t7B 




MRocnaadital genome (bp 6593-8810) 


X11848 


X 


X 


X 


X 


X 


X 




180 




MtecaowbM genome (bp 8563-6610) 


X14848 


X 


X 


X 


X 


X 


X 




161 




Mitochondrial genome (bp 8596-6921) 


X14648 


X 


X 


X 


X 


X 


X 




162 




USochondib) genome (bp 8593-8921) 


X14648 


X 


X 


X 


X 


X 


X 




183 




Mltochondrtal genome (bp B603-6821 ) 


X14848 


X 


X 


X 


X 


X 


X 




164 




Mitochondrial genome ( bp 8603*921) 


X14848 


X 


X 


X 


X 


X 


X 




165 




Mtochcndrtai genome (bp 8614-6610) 


X14848 


X 


X 


X 


X 


X 


X 




166 




Utocttondriai genome (bp 6619-8921) 


X14848 


X 


X 


X 


X 


X 


X 




187 




Mitochondrial genome (bp 8625*821) 


X1464S 


X 


X 


X 


X 


X 


X 




186 




Mitochondrial genome [bp 8628-8921 ) 


X14B48 


X 


X 


X 


X 


X 


X 




169 




MttocftoodrfaJ genome (bp 6535*921 ) 


X14B4B 


X 


X 


X 


X 


X 


X 




190 




M ttoehooddal genome (bp 8780*821 ) 


X1464S 


X 


X 


X 


X 


X 


X 




191 




Mitochondrial genome (bp 87924921 ) 


X1464& 


X 


X 












182 




Mitochondrial genome (bp 8899-0166) 


X14848 


X 


X 


X 


X 








193 




MftDeneodna] genome (bp 8916-6057) 


X1434G 


X 


X 


X 


X 


X 


X 




194 




MKocnoRdfeJ genome [bp 6018-0316) 


X14646 


X 


X 


X 


X 


X 


X 




199 




Mitochondrial genome (bp 6910*361 ) 


X14B48 


X 


X 


X 


X 


X 


X 




196 




Mtocheodriat genome (bp 89824)160) 


X14848 


X 


X 


X 


X 


X 






197 




Mitochondrial genome (bp B221-6363) 


X14S48 


X 


X 


X 


X 


X 


X 




196 




M>nrhnndda1 genome (bp 9250-0368) 


X14846 


X 


X 


X 


X 


X 


X 




t99 




Mtocttmdibi genome [bp 8253*381) 


X14648 


X 


X 


X 


X 


X 


X 




200 




Utoebondoaj genome (bp 9491*763) 


X14S48 


X 


X 


X 


X 


X 


X 




201 





1 

7 
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Mitochondrial genome (bp 991 0-1 0098) 


Al4B4q 


w 

A 


X 


X 


X 


A 












X14S48 


x 


x 


x 


x 


x 


x 




209 




Mitochondria} Banome (bp 1 0855-1 09B9) 


X14S4B 


X 


X 












204 




Mitochondrial genome (bp 11 152-1 1501 ) 


X1484S 


X 


X 


X 


X 


X 


X 




205 




Mitochondrial genome (bp 1 1230-1 1445) 


X14846 


X 


X 












206 




Mitochondrial genome (bp 11230-11508) 


X14848 


X 


X 


X 


X 


X 


X 




207 




Mitochondrial genoma (bp 1 2937-12987) 


X14848 


X 


X 












208 




MRochondnal genome (bp 14143-14441) 


X14848 


X 


X 


X 


X 








209 




Mitochondrial genome (bp 158B1-18160) 


X14848 


X 


X 


X 


X 


X 


X 




210 





BNSDOCID:<WO 0163279A2 I > 



8 



t 



I- 
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Below follows additional discussion of nucleic acid sequences whose expression is 
differentially regulated in the presence of serotonin modulating agents. 

5 CARDIOTOX1 

CARDIOTOX1 is a novel gene fragment The nucleic acid was initially identified in a 
cloned fragment having the following sequence; 

1 ACTAGTGTCTTCCTCCGGTAGAGTTCTGGCA 
81 TGAGACGGGGACCATACCAGCCTTTCCAGAACTC 
10 161 GGGTAATTGGAGAAGGTGTGGGAGATCT (SEQ ID NO:l) 

The cloned sequence was assembled into a contig resulting in the following 524 bp 
consensus sequence: 

15 81 GCTGTGTGACCGAGTTGATTTGGGCTTGAC 

161 CCCGCTAAGGGCTTAGGTCTTCCCAGGAGCCAAAGCTGAGTATCrrTCCTCCTATTACTAGTCT 

241 CTGGCAGGGGCGGGGTTCTTGGCTCTCCTGTGGCTGACGA 

321 CCAGAACTGTGTGTCCTTGCCCCCATGT^ 

401 TCTCITGCCAGCTGGCGTCATTCCACrrGT^ 
20 481 AAGGCCAGCTGTACCCGGAGGTGATAGGTACAGCCGCAGTCTGC (SEQ ID NO: 2) 

CARDIQTOX2 

CARDIOTOX2 is a novel 306 bp gene fragment. The nucleic acid was initially identified 
in a cloned fragment having the following sequence: 

25 

1 AGATCTGCAAGAGATCACCACGTGTGTGCTGATGGCTGGCAG 
81 AGGAGAACCATCTGTGACTGAACTGGTCC^M 
161 TCAATGGGAGCACCCTGCAGGAGCTGC^ 

241 AAGCAAGACTGTGGTCGCCGCCCTGCTGCCC^ (SEQ ID NO:3) 

30 

CARDIOTOX3 

CARDIOTOX3 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

-1 TCATGAAGTG CG ACATCGACATCAGG AAGGAC CTGT ACGCCAACAACGT CATGTCAGGGGG CACTACCATGTACCCCGGT 
35 81 ATCGCTGACCGCATGCAGAAGGAGATCACAGCTCT^ 

9 
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161 CAAGTACTCAGTGTGCUVTCGGCGGCTC 

241 ACGACGAGGCCGGCCCCTCCATTGTGCACCGCAAATGCTTCTAGGOT 
321 GGACGACAATCGACCATCGTGCTATGGTTGCAGGGTGK5CC^ 
401 C (SEQ ID NO: 4) 

5 

The cloned sequence was assembled into a contig resulting in the following 540 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTGGAGCAAAACAGA 

81 TTTGAAAAATAACAAAATGAGGTAAAACGAGTGAATCTATGTAC^ 
10 161 GGAGCCACGGCGGAGGATGGGGCCACCCTGCAACCATAGCACGAT^ 
241 ACAGACGCGGGTGCGCCTAGAAGCATTTGCGGTC 
321 ATCHrGCTGGAAGGTGGACAGCGAGGCCAGGATGGAGCCGCOT 
401 CTTGATCTTCATGGTGCTGGGAGCCAGAGCT 

481 CCCCTGACATGACGTTGTTGGCGTACAGGTCCTTCCTGATGTCGATGTCGCACTTCATGA (SEQ ID NO: 5) 



15 



20 



CARDIOTOX4 

CARDIOTOX4 is a novel 80 bp gene fragment. The nucleic acid was initially identified 
in a cloned fragment having the following sequence: 

1 CAATTGACAGAATCAGTGAGGTCCTCACTAGCCT (SEQ ID NO: 6) 



CARDIOTOX5 

CARDIOTOX5 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 ACTAGTGCTTCAATGTCAACCGAGAGTAAAATGTGTTTGTATGAAATGCCTC 
25 81 GAAAGTCACATATAAC^TAATTGAACTTTGA 

161 ACCACTATCTACTTCCAGAACAGTCTCATCCTT ( SEQ ID NO: 7) 



The cloned sequence was assembled into a contig resulting in the following 957 bp 
consensus sequence: 

30 1 TTTGGAGCTGGGAACCGAACCCAGGGCCTTGTGCCT 

81 AGTGCGC CTTCTATACTAGAAAG CTTGACCACTGAG CCACAC CTC C CA CTAGTGCTTCAATGT CAACCGAGAGTAAAATG 

161 TGTTTGTATGAAATGCOrCCATTTGACTA^ 

241 TATACAATCCCGTGGATTTTAGAGTGCTCCra 

321 TCCAGAAACCCACACTCTGTCTTTCCTCTATT 
35 401 TCTGTTACTAAGTTTTAAAGGTTTATTCTCAGGTAGCATCAGTCCGTAATGTACT 

481 CAG ACACCGTGTGTGTCTT CTTCCAGCGAGCAGAGGAACT CTG AG CTGTTT CTACTTTGGGGCTTTTGACTAATG CTATG 



10 
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561 AACATCTGTGAAAAAGTTCGAA 

64 1 AATTGTACTTCCTACAGTGGTTTTACC^^ 

721 CCTGAGATGAAGAGGC^TCTGATTGGGATCTTGGTTTC 

801 TCATTGG CT'ri'Cr ATGCTGC TTTGCAGAATGTTTATTTCAGG CTACAGTCTG CCTTTCAGCTGGGTTATC'I"l'TC'l'GTrrr 
5 881 T CTTCTAGGATTTTTT ATTT ACGGT CAACTC^TCTCTT AAAGATTAATTGG CATTTTTTTTTTCTCAACTTGCGG CCG (SEQ ID NO: 8) 



CARDIOTOX6 

CARDIOTOX6 is a novel 282 bp gene fragment. The nucleic acid was initially identified 
in a cloned fragment having the following sequence: 

10 1 TCCX3GMGATGCTCTACCCAACTCTGA^ 
8 1 CCCCACCAGCTCCTCGGACAGTCACAGAT 
161 GAACAGGATATACAAGACTTAAAGAATTGTATCTC^ 

241 TCGTCAGGTGCCTTATCGCTTACATGC^GTTCTTGTTCATGA (SEQ ID NO: 9) 



15 CARDIOTOX7 

CARDIOTOX7 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 GGTACCCCGCTCCACGTCCTGGCCACTCA 
8 1 CCAGGGCCCAGTCCACAGTCCGGTTTGTCACAAGCT 
20 161 AAGTTCTCGACAGGTACAGAACTGGCCACATTCCCAATC 

241 CATGCTCCTGGGCTGTCGATCCAGGGTGAAAAAGCCAGGC (SEQ ID NO: 10) 



The cloned sequence was assembled into a contig resulting in the following 405 bp 
consensus sequence: 

25 1 CGGCCTGGTTAGGCCAAAGGTGGTTCATGGGGATGCAGG 

81 TGGCTGAAGGTACCCCGCTCCACGTCCTGGCC 

161 GTACTCTGCCAGGGCCCAGTCCACAGTCCGGTTTGT^^ 

241 GGATGGTAAAGTTCTCCACAGGTACAGAACTGGCC^ 

321 GGGCAGGTC^TGCTCCTGGGCTGTCCATCCAGG^TG 
30 401 GATCT (SEQ ID NO:ll) 



CARDIOTOX10 

CARDIOTOX10 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

35 1 AGATCTTTCACAGACTTGTCATTCI^ 

81 CTCCAGGTGTTTCTTTGCTGCCATGTAACC (SEQ ID NO: 12) 



11 
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The cloned sequence was assembled into a contig resulting in the following 242 bp 

* 

consensus sequence: 

1 AGATCTTTCACAGACTTGTCATTCTrGT 
5 81 CTCCAGGTGTTTCTTTGCTGCCATGTA&CCCATO 

161 TTGCTGTCCAGCCATATGTGCTTGTGACAATACAGC^ 
241 TNT (SKQ ID NO:13) 

CARDIOTOX11 

1 0 CARDIOTOX1 1 is a novel 280 bp gene fragment. The nucleic acid was initially 

identified in a cloned fragment having the following sequence: 

1 TGT ACATACCAGAG AGTTGATTGTGTGAAGAAGCTTCT AG AACT AGG AG CCAGTGTTG AC CACGGTCGGTGG CTGGATAC 
81 CCGkCTGCATGCTGCAGCAAGGCAGTCCAGTGTGGAGGTCAT 
1$ 1 GAAACTCGCAGGGCAAAAGTGCTCTTGAGCTCGCTGCTC^ 
15 241 CCaCCTGCTCTTTCTCAGCTCTGCCGCTTGTGTGTCCGGA (SEQ ID NO: 14) 

CARDIOTOX12 

CARDIOTOX12 is a novel gene fragment The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

20 1 GAATTCCAGAAGATCGCCATGGCCACAGCGATTC 
8 1 CATCCCTATTAATAAGATTATTGTC 
161 CTCA.TGA (SEQ ID NO: 15) 

The cloned sequence was assembled into a contig resulting in the following 348 bp 
25 consensus sequence: 

1 NCATCCAGG CAACTTTTACTTCATG AGCTTGT CAC C CCCT CATTGGTTCAC CAGT CC CACGATGAG CAAAG ACTCAGC CA 
81 CCCACAATAATGTTATTAATAGGGATGTGGATC^ 
161 TGTGGCCATGGCGATCTTCTGGAATTCTTTTCT^ 
241 ACTGCCGACTTGGCTCGACAAACTGCATTACCTGATC 
30 321 CTAGGAGAGAATTGAGCCCAACGGAACN <SEQ ID NO-.16) 

CARDIOTOX13 

CARDIOTOX1 3 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

12 
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1 TCTAGAGTCTrrCCATC^MC^TCrcra 

8 1 AGCAGTCTGCCTG CCGTTCACATGGTGGTGAGGATCGCTGG CCCCAGGAAACACTGTCACACTGAAGCCACTAGOGTGTA 
161 TCa^TGTGGATGTCGTGGGCGAAGCXSTGGGATTTAGAGCAGCAGTG^ 
241 TTGTTTTGATTTTGCTATCTCATTCC^^ 
5 321 ACTTAAAGGGGAAGGGACGTGTGTACA (SEQ ID NO: 17) 

The cloned sequence was assembled into a contig resulting in the following 553 bp 
consensus sequence: 

1 iri ' iu ' rrrin^ 

10 81 GTTAGTGTGACAATCTTCCATAATAAAOTACT^^ 

161 AAAACAAAACAAAATGAAAGAAAAAGC&AAACAAACC^CTC 

241 GATACACGCTAGTGGCTTCAGTGTGACAGTGTTT^ 

321 OTCAGTCCCGTOCCTCATCCTGGATGGCM 

401 AGTCTTGAAATCCCAGATTGTCATGGCTCCATC 
15 481 AAATAGACACTTGAGTGATGCTGTTCTGGTGCAGTGTO (SEQ ID NO: 18) 

CARDIOTOX19 

C ARDIOTOX1 9 is novel gene fragment. The nucleic acid was initially identified in two 
cloned fragments having the following sequence: 

20 1 AGATCTCTCCTAGCCAAGGGATGTTGAAACM 

81 AATACCAAGCTGGTGCTGTTGGTCTTATGGCTAGC (SEQ ID NO: 19) 



and: 

1 AGATCTG CCTAAAAAAGACTGC CCTGGGTGGTGAG CTAATGT CCATGACT TCTCTGGAAAGGTAGCCCTTT CTGGATT CT 
25 81 G CCTACCTGGTCAG ACAC CAGGGGTTCTTTT T ACAG C CAG AGAGACTCAACTCTAATGATATAG CTGGGGCAGTTACCCA 
161 TACTCT CAGTCAC CTGGG CTGTTCAAATGGTG ACACTCTTCT AGGG C TGGGGACTGTGTCAAGGG AGTC CCAAG GAACTT 
24 1 CTGGTCAGACATAGCCTCCTGTGATTTGGGGGTTCOT^ 
321 GACTGTCAGGGCTTACrGCTTAACCTC 
401 ATGAAGGAGTTACACTAGT (SEQI ID NO: 20) 

30 

The cloned sequence was assembled into a contig resulting in the following 1294 bp 
consensus sequence: 



1 TTTTTTTTTTTTTT TTTATTTCTGAAAACAAG CTTTATTTAAATAAGGATTTAAATA(^TTACATAACATTAAAACTGGA 
35 81 AGGGAAAAGAAAACCAAAAGACCAGTTTGTTCCrrCAC 

161 GCTAGCCATAAG ACCAACAG CAC CAGCTTGGTATT TGT TCCCTTGTCGTAAGT TTAACTGATACCAGG CTGG CCTT ACCC 

24 1 TTCATGTTTCAACATCCCTZlGGCTAGCl&GAG&TCTG 
321 TCTGGAAAGGTAGCH2CTTTCTGGATTCT 

13 
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401 CTAATGATATAGCTGGGGCAGTTACCCATACTCT 

481 ACTGTGTCA&GCKjAGTCCCAAGG^ 

561 CTGTTATTTATTGCTTTGTTCCAGGGTGGACTGTC^ 

641 CACAGCATGG C TCTTTTCAGTTT ATTG CATGAAGGAGTT ACACTAGTCCAAGTT AAAAGCGGACCCCAAATG ATTACATT 
5 721 AT ACAAG CTGTGAGGTT TTTAAACTTGT G ACAAG GG ACAGAAGGG AAATTCT AC TCATTGCAAGGAAATC CTCACTT AAG 
801 CTTCAGAGAGCCACAAGCACTTAAAACCCATGAACCTTC^ 
881 GCATATGTTCTTGCGCTGGTCACCCTGTAGCTGAATTACTTC 
961 CAAATTTCTTCTTAAACGCCTTCACTAGTTTCTTr^ 
1041 CTGCCGTTTCTCTGTTGAATTCOTATATGGATATAAT^ 
1 0 1121 AGCAAAGGGGTCGAAAGAGTGGAGGTTCTGGATAGCGGACA^ 

1201 GAMGCGGCTGCGGGAGAMGCGGGCGGGGGGGACGGAGCGTCGGGAAGCGAGGGGGCT03AGGGGGAGGCAGCT 
1281 CTCGG CGGCGGCTC (SEQ ID NO: 21) 



CARDIOTOX20 

1 5 CARDIOTOX20 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 

1 GCTAGCAGCAATCACTTGGGGAAGAATCTGCAGTTGCT 

81 CAACACATACATGAGGAACAGCAGTAAGCAGCAACAGCAGAAACACCAGT AT CAG CAG CGT CGC CAG CAGGAG AATATGC 
161 AGCGGCAGAGTCGAGGCGAGCCCCCGCTCCCTGAGGAGGACCTCTCCAAACTCTTCAAGCCCCACCAAGCCCCTGCC^ 
20 241 ATGGACTCGCTGCTCATTGCAGGCCAGATTAACACTTACTGCC^ 

321 ACTCTTCATGGCTCAGGCTCTTCAAGAATACAGTAACTAAGAAAAGGAAGCTT ( SEQ ID NO: 22) 

The cloned sequence was assembled into a contig resulting in the following 723 bp 
consensus sequence: 

25 1 TTTT^TT U" IUU"f T ri T T/TTTTGAA 

81 TGCGCCTCTCCACTTTGCAGTACAGAAACACATTTTCCAAGA 

161 AGGAAGCTT'CCTTTTCTTAGTTACTGTATTCTTGAAGAGCCTGAGCCATGAAGAGTTT 

24 1 TCCTTGATGTT CTGG CAGTAAGTGTTAAT CTGG CCTGCAATGAGCAGCGAGTCCATC CTGG CAGGGGCTTG GTGGGG CTT 
321 GAAGAGTTTGGAGAGGTCCTCCTCAGGGAGCGGGGGCTCGCCTC^ 
30 401 GCTGATACTGGTGTTTCTGCTGTTGCTGCTO 

481 TCATCCACCCGGTCCATCAGCAACTGCAGATTCT^ 

561 AGCCACAGCGGACTTCTTCTCAAGCTCCCACATCAGGACATTGGTCAAATGTG 
641 CAAACATGTGTTCAAAGGTGATGTTTGCCTTTTTCAATG 
721 TT A (SEQ ID NO: 23) 

35 

C ARDIOTOX2 1 

CARDIOTOX21 is a novel gene fragment The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 TGATCAACAGCTTGG CAGT AC TTGATGTGAGGGACT CGAGTTGCACCAT TGT CTCT CATT CTTGTGCAGTGATAAACTGG 

14 
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8 1 TATAATTCTTAAATGATGTACAAACGAACAATCr^^ 
161 ATTGGTCTGAAATATCAAATACAATTTTCTT 
241 TCTCTGTGCCATATACTAAACTAGACTTT AAGGA^ 
321 TAATTTGAAGCAAAGTTTGGATATGGTAAGTATCS^ 
5 401 ATATTTGATGGAGTATGTGCTGGCTAGC (SEQ ID NO: 24) 



The cloned sequence was assembled into a contig resulting in the following 1324 bp 
consensus sequence: 

1 T1"ITTTTTTTTTTTTTTCAAGTTTCAGA 
10 81 T CAGGG C^G AACTTGAAGCAACTAGTT ATACT CATG AAT AAATGCATGCATGGAG AGTG CTCAG CTTGTTCTT ATACAT 
161 TCCAGATT CCTTTGTGTAGAGAATGGTGGTGC CCAC^ CCAATC C 

241 CTCTAAGACATGCCCAGGGACCAAGCTAACTGACACAATCCTG^^ 
321 CAAGTTGACAAAGCTAGCCAGCACATACTCCATC^^ 

401 TGGCTTGATACTTACCATATCCAAA CTTTG CTTCAAATTATTAAGGACCTGCC CTACTT CT CTATTTT C CATTTACATTT 
15 481 TAACATT CCTTAAAGTCT AGTTT AGT ATATGG CACAGAGAA 

561 AGACAGGGGAAGAAAATTGTATTTGATATTTCAGACCAA 

641 AATAAAAGATTGTTCGTTTGTACATCATTT 

7 2 X CTCGAGTCCCTCACATCAAGTACTGCCAAGCTGCT 

801 TAACAAGACXSAGTATGAAAGGAAACCTAGGTAAGCTATGATGTA^ 
20 881 TCAGTAGGAACGGATAGC^GGAGGTACAGTAGCACAGTCAGCCTCATTCAAGGTCTO 

961 AAGTAACCTTCCCAGTCTTGGTGTCCAGATATGAGAGGGTGTGCTTCCTCCAGTGTTCC 

1041 CCCTCGATGGGCTTGGAGTAATCATACTCATCAATCCGCACCTTGTAATCTTCCCT 

112 1 CCGTGCTTCCGCACCATATATGGTCTGCAGTGC 

12 01 TCCAGACCATTCCCCTGTCAAACGTCTTCaGATGCTGTAGGTCTCCATAGAGCTC 
25 1281 AGCACACTTCCCACACGGGACACGGCGGCATGGCTCTGCATCGA (SEQ ID NO: 25) 

CARDIOTOX22 

CARDIOTOX22 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

30 1 TGTAGATCTGCTGGGGTAGAGCTTCTCTC^AGCAGGCACTCCTGACTGTCCGACTG 
8 1 CTTAAACACATCG CTG ACTCT CATGTTGTGAGCAG 

161 GATTTCCCAGAACAGC AC CTT TTCTCT CAGTCGAGTGCAGAGACACAT CTC AAAGTCAG CTATGCAGGCACAT AATTCAA 

24 1 AGTGTAAAAAAGGTGAAGGAGAAAAAATACTGTATGCAG AGGAAGGC 

321 GCTGTCGAGGAAGGAGGTCGGTGTGCAGGTGATTCTGTATCTAGA ( SEQ ID NO: 26) 

35 

The cloned sequence was assembled into a contig resulting in the following 852 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTCCATAGAAAGAAGAAA 
81 TAGAGTTTGGTGTACATCTGCTOGGGTAGAGC 
40 161 TGCAGCAATTCTTAAACACATCGCTGACTCTCATGTT^ 

15 
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241 AAGAGTAACAGATTTCCCAGAACAGCACCTTTTCT 

321 C ATAATTC AAAGTGTAAAAAAGGTG AAGG AGAAAAAATACTGT ATG C AG AGG AAGG C CTTCAAGTGTAAGG C AGGT AATG 
401 GCCGAAGTAGGCTGTCGAGGAAGGAGGTCGGTGTGCAGGTGA3^ 
481 CTGCACTGTGCAGCATGCCTTCATCCTCAAGGCCAGT^ 
5 561 AAACAGAGGATTGAG CTG CGCCAG AATCGCAAT CAGCCAAAAGAGAT AGCAG GAAACGGAACAGGTCAC CAACATGGTGA 
641 TGATAACT CCCCGGTTAGGACCCTTGGGGATAAACCAGGGCACGAGGAGGGCCACGAAGCCCCAGAACACG CTCATCACG 
721 ATCaAAGGCAC^GTGAGGCCGTGGTATTCCATGCCTC 

801 CCCGGAAGTGTCAACAGAGGCTCACGTGACCGGCGCGCGAAAGCCCCACCCC (SEQ ID NO: 27) 

10 CARDIOTOX23 

CARDIOTOX23 is a novel 178 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 GGATCGGGCACAGAGTTTATTGAGGTGACCCCZAGTGTGTCTCTACTCCTCTTTC 
81 GAGAGACTTGTAGTCGATGTTGCCTGTCAGGTCCATGGGTGT 
15 161 TGTCTGCCTGGGTCATGA (SEQ ID NO: 28) 

CARDIOTOX24 

CARDIOTOX24 is a novel 1 67 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

20 1 TCCGGAGGATGCG ATGG CCCT TTACAAGAAGATC CTG AAGT ACAAG ATGTTAGACG AG AGGGAGATG CCGGGTGCCG AGC 
81 AAATGTGCTTTGAGACCAGCGCCAAGACCGGACACAACGT 
161 ATGATCA (SEQ ID NO: 29) 

CARDIOTOX25 

25 CARDIOTOX25 is a novel gene fragment. The nucleic acid was initially identified in 

four cloned fragments having the following sequences: 

1 GGATCCGGGGTGTTAGGAGGAGTTGAGGGAGCTTGCTGTC 
81 CATGGCAAGATTGTGATTGATTTGTGCT 

161 GCATCT TAAACAGT C TGG CAC CGCGATTACCGAAATGGGACAATTCTT CTATCATGA (SEQ ID NO: 30) 

30 

1 NAATTTCCTTCAGG<3GTCCAGAATATCCT (SEQ ID NO: 31) 

1 CCATGGACACGATGTCGACGGCATGGATC!TGGGGAAGAAAGTTAGCGTCCCCAGAGACATCATGATAGAAGA 
35 8 1 ATTTCGGTAAT CG CG GTGC CAGACTGTTTAAGATGCGTCAAAG AAGATC T (SEQ ID NO: 32) 

and: 
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1 TGATC^CGACaW3GAATATTCTCAGATATCCACCCCTTTGGTGTCCT 
81 AAGGCCAAAAACCTGGGATCTGTC^ 

161 AAAACCTCCAAATGGAGTGGCAACTCTGTTAAAGCTCCTG 
241 TCGGGTACAAAGCTTCCAGGAGCTCT 
5 321 GTraTGTTAAATCTTTCAGGAGGAATTTCCTTC^^ (SEQ ID NO: 33) 



The cloned sequence was assembled into a contig resulting in the following 1 070 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTGAGAGATT 

10 81 TGT AACCGCAATTGG ATGAC CACAGTG ACGAGG CACT CAAATGG CTTCGCCG CT AAGAAGACCGACGG CAG CTTTTATGT 

161 GTAGAGCTCTCGGCGGCCTGCCTGGCTTCCCGTTCACAAGT 

241 TTGTGATC^CGACAGGAATATTCTCAGATATCCACCCCT 

321 GCAAAGGCCAAAAACCTGGGATCTGTTAGCAGCAGTCGTTCGAAGTCTGGAA 

401 CTCAAAACCTCCAAATGGAGTGGCAACTGTGTTAAAGCTCCTGTAATCTGGCAGTTCTGCCT^ 

15 481 GTTTCGGGTACAAAGCTTCCAGGAGCTCTGGATCGTCGCCAATGGCCTGCTCCCAGGGAGACTGGTAGTACTTAGGAACA 

561 GCCGTCGTGTTAAATCTTTCAGGAGGAAATTTCC^CAGGGGTCCAGAATATC 

641 GGCTTCGTGGATCCGGGGTGTTAGGAGGAGTTGAGGGAGCTTGCTGTGAACCACCTTC 

721 CCATT CTG CATGGCAAG ATTGTG ATTGATTTGTG CTTTTGTTT CGTACTGG AAATTTTCAAAGGTGTATTTGT CAG AT CT 

801 TCTTTGACGCATCTTAAACAGTCTGGCACCGCGATTAC^ 
20 881 TAACTTTC^GCCCAGATCGATGCCGTCGACATCGTGTCCATGGAT 

961 TGCTT CACCATGGCACTGTGTG AT AGCATAGTTTGTTTTTTGTT C C CT TGCTGTCAGACTGCACT1TT CAG CAGGGGTGA 
1041 ATCCCAATTGCGGGGAGAGCTGGAAGTGTN (SEQ ID NO: 34) 

CARDIOTOX26 

25 CARDIOTOX26 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 

1 TGATCAGTTCTTAGGAGTGAGGTAAGGGACCTTTTTCTCT 
8 1 TCCAAGAATTTAGGAAGCCGGGAGAAGGGGAGGGCAAGTCAGAAGGATC^ 
30 161 AT ACTGGCGGGAGGGTGAGG CAGGAGAATG CGGAGT TCAAGG C CCT CCATGG CTAG AGCTGGGT AGAAANGAGGCGAGGC 

241 TGCAGGGATCCTGTCTGGGAGATCGAATCTCATAGAAGGGGACTAGGGTTGGCT (SEQ ID NO: 3 5) 



35 



The cloned sequence was assembled into a contig resulting in the following 1 1 43 bp 
consensus sequence: 



1 TTTTT M l"l M rT*r I'TTTTT TGGTCTTTATTTTTCTTTAATGTTTTTCTGATTGG CGTTG CCACTGGGAGATTTGAAAAAGAAA 
81 AAAC CAAATGAAACAAGTTCCCTGCAAGGAC CTAGGCAGGCAGT CCAG CTCTTTGG CTGACAAGATCGGAG AGGATCTTT 
161 GAAATCCTTTCTTTGAATATTTGGTCAAAATGGCTTTAGTTTAAGTCG^ 
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241 ATGACAGACTGGTAGAAATACTTGCCC&G 

3 2 X GTTCTTGAAGGGAAGGAAAAC^GTTATGAAAGGCTCCCATCAGCCACCTC 

4 0 X AGAGAAATGGAGTCCTCTCCCCCTCCATAATATTCCCA^ 

4 8 X AGTTCTTAGGAGTGAGGTAAGGGACCTTTTTCTCTCTAAAACAAAAACCCCTC^ 
5 5 6 X GAZVTTTAAAAAGCCGGGAGJ^AGGCAAGGCCAAGTCAGAAGGATCACAAGGCT 

6 4 X GGCAGGAGGCTGAGGCAGGAGAATGCGGAGTTCAAGGCCCTCCATGGCTAGAGCTGGGTAGAAACCAGCCGAGGCTGCAA 

72X AGATCCTGTCTGGGAGATCAAATCTGATAGAAAGGCACT 

8 0 X CTAGCCAAACACCGAGGATCTCTGTGAAACTGAAGAAGAGC^ 

8 8 X TTT AG GAATGT C TCCCC ACACATCTGGCATGGAGAGCTCCT AGT T TTG CACAGTG CAC TG CAGG AAG CAT C ATCATGTAG 
10 961 GTGCACGGTTGTAAGGTTAAACAAACCACAGCAGTCAAAACTTC^ 
X04X ACCACGLftAGCATTGATGACATCTGCCTGTGTGTTTCTGTTAAG 
XI2X AAGACCAAACCCAGGATGATCAN (SEQ ID NO: 36) 



CARDIOTOX27 

1 5 CARDIOTOX27 is a novel 74 bp gene fragment. The nucleic acid has the following 

sequence: 

X GTGCACTCTGCAGTGAGGACAATAGATGGCTCACTGTGGCAGCCTGGC (SEQ ID NO; 37) 



CARDIOTOX28 

20 CARDIOTOX28 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 



X AGATCTCGGACTATGCTGCATTCTATCAC 

8X CCAGAAGGTGTTCCCATCAATGTCTGCAACTTGTAAGGTATTTGGGTCTATGAGATGGATGGCACTAGT (SEQ ID NO: 3 8) 

25 

The cloned sequence was assembled into a contig resulting in the following 408 bp 
consensus sequence: 



X T CATGATGGTCTGGATT TTT ATTATT CTT CAAAACAG CATG CTCAGAAG ATGGTGGAGTTT CT TC AGGGTACAGTTC CCT 
30 81 GTAG ATACAAATCATCACAAAG ATTGAT CTC CCAGGATAT TCATAGTAACACATACAATTACAAGAGTACTTTTTCTGTG 
X 6 1 GAAATTGTTCTAATATGCAAGGATAATGTTGTCTGTCTGT^ 

24 X ATGTATTTGTATACGAGTAACTAGTGCCATCCATCTCATAGACCCAAATACCTTACAA 
32X CCTTCTGGAGTCATCCTTTCAATAGTTTATC 
40X CGAGATCT (SEQ ID NO:39) 

35 
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CARTDOTOX29 

CARDIOTOX29 is a novel gene fragment The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 GTGCACGCCTTCGACATGGAGGATC^^ 
5 8 X CGATGGGGCTCACATAAAGCACA^ (SEQ ID NO; 40) 

The cloned sequence was assembled into a contig resulting in the following 61 8 bp 
consensus sequence: 

10 1 TTTTTTTTTTTTTTTTTGATTTTGGAA 

81 AGQAACGGATCCTT ACGAGACCAAGATAAC CCACAGAGCA,TGAGGTTGGTT CAGCCTTTC L^'lVl'CTTCTT C TTTCAACA 
161 AATGTG CACCACGATGTTT CAATGG CAAGGCCGATGCCGTGAACATGAAAG CTG CGATTTGCAAGTACCAACCACAC CAG 
241 AAC CTGGG AGGCCAAC CAGACAGTGGGTTGGGTG CCATTCTAATT AAATGAT CAGGTGACAT CACAACACG CTGGGGTGT 
321 AGCCTCGCAACTGTCmTTAAGTTTCTTTTTTCTO 

15 401 TATGTGAGCCCCATCGCAGAACGGGAACTTTTTA 

481 TGTCXSAAGGCGTGCACAACCTTCGGGTTGTCTTTCTGGATCTGAAGGTTCACCATAGCTT^ 

561 TAG AAC TTCTTGTAAG C CAGGT AACCGATAACGG C TGTGC CAG CAG CAAAGGT CACGG ( SEQ ID NO: 41) 

CARDIOTOX30 

20 CARDIOTOX30 is a novel gene fragment The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 

1 GTGCAC C CTTACATCAG AACAAAAGC TACTTTGAGT TCAAAATC CAGTOT CGGAATCTGGGGT ATAGGTGTTGCAAC T 
8 1 CAGAAAGTTAACTTGAACCAGATTCCrCTTGGCCGTC 
161 CAACAACGAAGAGAAAAA<^GGCTGCCAGCAAACAGCCT 
25 241 TAGAATTAAATGTATATTTGAATGGGAAAAACAT 

321 TATGTTGACGACIAGTGCAATTTTGGATTGCCAGTTCAGTGAATTTTA 
401 ATTTGAGCAGCAGATCT ( SEQ ID NO: 42) 

The cloned sequence was assembled into a contig resulting in the following 717 bp 
30 consensus sequence: 

1 TTTTTTTTTTTTTTTTTGT 

8 1 ATACTGT TAAT CAAACCC^TGGTTT ATTTGTTTAAA 

16 1 ATG GTATAATGGATATATGGGTTC CTT AG ACAACAATAAGAAG CATGTGTT CTTGTCTCTAG AT CAAGGAGAG CTTTATC 
241 AAGTGGTAAGCGCTGTGTGATGGTGCAGAAGTCTAAGTTTTGAAA^ 
35 321 ATTTTTTCLAAAACCAGGTGGAGGAGTATGATAAAATTC^^ 

401 GA(TTGGATACACGGTCCCTCGTATACCTGATGCTGGACAATGCATGTTTTTCCCATT 
481 GGTCATATGTTATACCXIAGTACATCTCCCT 
561 TACAGGGCTCCATCATTTCTCATCACGAGG^ 
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641 TGCAA.CACCTATACCCCAGATTC^ (SEQ ID NO: 43) 



CARDIOTOX31 

CARDIOTOX3 1 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 AC^TCTAACTACTCCAACCTTCACaATTCCAGCTAC 

8 1 AG CTACTAT ACAATATG ATT CTTG AGG AGG AGG GAGAG AGGGAGAG AGGGAGT TAG AG ACTGTCIACAAAG CCCTGGGTGC 
161 TTCTCTGGAGTTAGCAGGGAAACAGGACCCTGGGCAAGCAGCTCGGGTGCCCTAGG ( SEQ ID NO : 44) 



10 The cloned sequence was assembled into a contig resulting in the following 546 bp 

consensus sequence: 



k •«« ^t^t fitrmj -t i i n iirt/lli wu v n/in 1 1 hi i ii 1 1 4 s-t^t f* -n *~A*~% / nil/ 



8 1 C C CTCCTT TG CTAAG AGTTT ATAAAAGC CAGCAACATG AT CAATAATTTATAGACATG GAG AGTAATACAAAAAATAATG 
161 AATAAAAG CTAAAG AT CT AAC T ACTCCAACCTT CACAATTCCAG CT ACTTGATAAT AAT AGG AGT AACCCAATGAATACT 
1 5 241 GTATGGTCTGAAAGCTACTATACAATATGAOTCT^ 

321 AGCCCTGGGTGCTTCTCTGGAGTTAGCAGGGAAACAGGACCCTGGGCAAGCAGCT 
401 GAGAGGATGGGAAGGAAGGAGACACAGCTGGGTGGTCAATTGGACAAGC^ 

481 CTGTC CTGC CACAGGGAAACCACACGTG CT AGG CAAG C CACT CCCTGC CAC AGAGGTG TGG AGGAG (SEQ ID NO: 45) 

20 CARDIOTOX32 

CARDIOTOX32 is a novel gene fragment. The nucleic acid has the following sequence: 



1 TGTACAAGAG AAGGACTAAGAAC CAAACTGTTT ACAG AGATC CAAG CACGAGTG AGAGAGCACACTC CT CACACGG C TTT 
8 1 CCGATGATACTCAGGAGGAGCC^CTTCATAATCACTGGCACTGAAC^ 
25 161 AATCATGTAGATAGTTCAGTAATAAAGCAAGGCTTTTCTCATCTAGA (SEQ ID NO: 4 6) 

The cloned sequence was assembled into a contig resulting in the following 920 bp 
consensus sequence: 

1 TTTTTTCTTTTTTTTTTGAAATTTAAAGAAAAAATTTATTGA 
30 81 TAAAACTGTAG CT ACACG ATG CATTG CGTCTAT CATGTTAAAACGTG CATTAGACACAAAT ACAAAAACCATGAAAACAA 
161 GCCACCATTCTTTAACAATTGAGCaAAGATAAAATGCCTAAGG 

241 G CAC CATTT AAAAAAAAAAAGAG CAC^GATGGATGAGTGTTCAGTTATACACACTGAAGGG AAC CTTTGGCACTAGGAGT 
321 C!AGAGCATTTTGTC!ATAGAGC!ATTAACACATATTATAAAAGTGCGTAGT^ 
401 GCAGCTT/TGTCAACTAGGCAAACACTCTACAGCATGTCTCTC 
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481 TGAAAAflAAGAAAGAAAAAAGGAGCAGTTAACTCCTTTTATTTTOT 
561 CTGTTATACACTAAaBGTCTTC^Ul^^ 
641 GCACGAGTGAGAGAGCACACTCCTCACACGGCTT^ 
721 CAGAGTTGC&GAATTCTTTGCCAGGTA 
5 801 GAGGTGTATAGGCC^JC^TCGC^CCAATTCGCACAAACAATCT 

881 GCATCCGGGTGATCX^CCAAAATTTCAGCATACTGTGGTC (SEQ ID NO: 47) 

CARDIOTOX33 

CARDIOTOX33 is a novel 203 bp gene fragment. The nucleic acid was initially 
1 0 identified in a cloned fragment having the following sequence: 

1 AGATCTCTCrCCTGGAAGACCTGAACCAGGTGAT^ 

8 1 ATCAGGGTCCGAATCCACGCCCTTTTAGTTGACCGCTATCTGC^ 

161 GGAACTGGTCTTTAAGGACATTGTGGAAGATCCTGATAAATTC (SEQ ID NO: 48) 

15 CARDIOTOX34 

CARDIOTOX34 is a novel 178 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 GG ATC CCACG C C CTCTTCTGAGGGTACTAGACATGCACACCGTGTGCAGACATGCATG 
8 1 AACTAAAAACCTGAAAAAGAAAACCAACCCTGCATTTGTGGAGT 
20 161 AC CAGAAG AGAAGTT CATGA (SEQ ID NO: 49) 

CARDIOTOX45 

CARDIOTOX45 is a novel 337 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

25 1 TCCGGATGAGCAACCTCACCACAACATTTGCATTCT 
8 1 TCAAGATATCGTTCTCCTTCIAACTGGATTCCACCCAA 

161 AC CACAG CCGG CCAGAT AG CG AAC CACCTTCT CCAGAT CCGG CT CT CGTAG AG CAAGGG CAAG CTCATTGTTATCCATCA 
241 CTGACGCTGCGGCCACGTCTAATGGAGTTGAACCrCTCAT 
321 TAACTGAGATGATCA (SEQ ID NO:50) 

30 

CARDIOTOX46 

CARDIOTOX46 is a novel 81 bp gene fragment. The nucleic acid was initially identified 
in a cloned fragment having the following sequence: 

1 GAATTCTGCGTCAGTCCAGAGACAGTGAATTC 
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81 A (SEQ ID NO:51) 

CARDIOTOX47 

CARDIOTOX47 is a novel 428 bp gene fragment. The nucleic acid has the following 
5 sequence: 

1 TCCGGATGTTAGTTOTGTCTTGACAGACATAGCTGTTCrCC^ 
8 1 GGAACTCATATTCAGTTGCTTCTAGCAAACCTCCGATGGTGAACTGCCT 
161 CAAGCACTGTCCCCAGACTGTCTGTACTCAACC 
10 241 CTGGAGGATGACACTGTCTTTGGATATCGAAAGAATCTCGAGTTCTCCTGGTTGGCTTGGCTTA 

321 AAACGACGGGTTCAGAAGCAGGGCTGGTCTCGCTAAGGCCCACGTCATTCTGTGCGATGATACGGAAOT 
401 TCAGGAACAAGGCCAGTGACCGTGTACA (SEQ ID NO; 52) 

CARDIOTOX48 

15 CARDIOTOX48 is a novel 374 bp gene fragment. The nucleic acid has the following 

sequence: 

1 GGTACCATTTTACATTTGCTTTCTCTCTGGAGA 

8 1 TCCAGGTGCTCCACGAATTCCGTTGGGGCTTCGATGATGAGCAGCTC^ 
161 GTATCCATCTTC^TCTGGGAAGCCACAGTCCTTGATGATTAGAGAGTGCTTGTACT 
20 241 TGTCAAAAG CCACTT CTT C C C CAT TT TTGGT CCACTTCAGGGTT ACATTGAGACGATTCAC C TTG CAC CAGAACGTG ACT 
321 GACTT CTTCTC CATTGTTT CAATATC TT TAAGGGGTTCGATAAT C CTAAGATCT (SEQ ID NO: 53) 

CARDIOTOX49 

CARDIOTOX49 is a novel 429 bp gene fragment. The nucleic acid was initially 
25 identified in a cloned fragment having the following sequence: 

1 ACTAGTCACCTCGATCTGGGCTCTCTCCGTGAGAATGCCT^ 
8 1 TGATAGTGACAAACAGGCGCAAAGTGGC^CTTGCCCTCAGA 
161 GGGGCTTCCATCCTCTCOTGAGCCAG^CAGAGCCTGGTATA^ 
241 GATACGGAAGTTGTACTCTGTGTTCTCTTTAAGCTTGGTCACTGTGAACTGCTT 
30 321 AGGTAGTCCATTCGTCAGCCGCGGCTTCTTTGAGTTC^ 

401 TTATTCCATGCTAGGGAGACAGAAGATCT (SEQ ID NO: 54) 

CARDIOTOX50 

CARDIOTOX50 is a novel gene fragment. The nucleic acid was initially identified in a 
35 cloned fragment having the following sequence: 

1 CCATGGAAAATGGTGTTTGAGGCGAGGGGGTCGGTCACTGTGTCC^ 
8 1 TTCGGGGTTTGGAAAAAAGGAGGAGAGAATTGATTAAAATTGAAATC 
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161 TTTTGTTT ACAAAT ACT ACCAAAAG GGT CATGAT CGGGAGTGCTAG C (SEQ ID NO: 55) 

The cloned sequence was assembled into a contig resulting in the following 1216 bp 
consensus sequence: 

5 1 TTTTTTTTITTTTTTTTC 

8 1 TACATCAAATATCCTCAATAGAAGAGGGGATAT^ 

1 &1 TAATTT^TTCTACATTAGATATGACTGGATAGGATGGAA^ 

24 1 ACCGACACAAACACCATTGAGAACAAGAGAGAGAGTGAGC^ 

321 CGCATOCXSGGGAAAGCAAGGACCGCCGCGGCGTGGGCGGGC^GCTG 
10 401 AGCTCCACGCGTGCGGAGAAGCCGATTATTAGCTGTTGT^ 

481 AATGAATTGTTAAAAGTTCCGGATTTTTGAAAT^ 

561 GCXiCGGTCCTCATCCCTAGGCTGCTTTTGGTC 

641 GAAACAGAATCTTTTTCrCCTAAATCTGAAGTATGAAAGGAAAA 

721 AAATGTCATTGCCAAGCAGGGACCTCCTGTGACAAATGACAGAGG 
15 801 CrrCCAGGAGOTAAGATTTGTAACACAAATGGGAGGTGGTAAAAT^ 

881 TTAGAAAGCTCCTAAATTTCATAAGCTATTGGAAACACT 

961 TGTAAGGTTAAGAAAAAAAATTTTTTTCTTTTGAATT 

1041 CCAGTCCCATCACAAGACTGGGAAAGCATGCATGGGGTTC 

1121 AATGGAGGATTATCTCTAAGATTTAGTCTCIGTAGAATT^ 
20 1201 TAGCACAATAGAATTC (SEQ ID NO:56) 

CARDIOTOX51 

CARDIOTOX5 1 is a novel gene fragment. The nucleic acid was initially identified in 
two cloned fragments having the following sequences: 

25 1 NAATTTG GTTTATTTCT CTATT CACTTGTTTTCAAGGCAAGAAAAATGTAGCTA 
81 TTCTGTCTCCAAATTACTCACTAGT (SEQ ID NO: 57) 

and: 

1 T CATGACTGGG AGAC T CTGAT T CCTCCTCAGTCCACC CAATAAACTGC CACCAGAAT TT AAAT AGACAG CAGAGTCTGGT 
81 TTTTGAAGACCCATTTCTGCCTCTCGGCTT 
30 161 CCTCTTCAGCCTGTCCACCAAGTTCATCTTCAGCTGGCCAACA 

241 CTTGCAGGAATGTTTCAG C TGGTCTGGAAGCCAAGAAATT C (SEQ ID NO: 58) 



The cloned sequence was assembled into a contig resulting in the following 1 1 15 bp 
consensus sequence: 

35 1 TTTT TTTTTT^TTT TTTGTGTTGTACAAAAATACAAG CTTAAAAAAAACTGAAGTTCTAATAATCACAAATACAAAGGGA 
8 1 TCTATCTGGGTGGTGTTTGGGT^CTCCGTGCCCCAAAGTC^ 
161 ATAAAATTCCTTATTTTGCTAACX3CTGAGAGTGCACCATTGGATGGGT 
241 TCCCACAGGCTCGGCTCACACCACTCTGCGCATG^^ 
321 CCCX3GGTTTCCTTCX3TAGGCAGGCGCTTC 
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401 GTTTCGATAGMrTTGGTrrATTrCT 
481 TTCTTCCATTTCTGTCTCCAAATTACTCACTAGTCCCC^ 
561 TATCCCTCACTACGCCCTCTCCACATTCACAATCCTTCTACAACAT 
641 CAGTGCATCTATCCTTGATGTGCTAATTTATT^ 
5 721 TTTTGGGCGAGGTTGTGCAAACTGGGGCTCCAAAGCTACCCATCATGACTGGGAGACTCT 
801 AATAAACTGCCACCAGAACTTAAATAGACA^ 
881 CTCCCGGGGAAGAGGHSGTCTTGACCACCC^ 

961 CAACAT C AGGAGGGGC C CTTGAAGGTCTC AAGC CAT ACATTT CTTGCAGGAATGTTTCAG CTGGTCTGG AAG CCAAGAAA 

1041 TTCTCGGAGACATGGACACGGGGTTCAAAGGGCACGGGGGAGGAACATGGTGACTGCGACGGAGGCGCAGGCAGC (SEQ ID NO: 59) 

10 

CARDIOTOX52 

CARDIOTOX52 is a novel 1 53 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 TGATCAATCTACTGTGAAAGACTCTCCTCCTGATACCTGTC 
15 81 AAAACTCTGGGAACTTCCCCACCCATTAATTCTTAT^ tsEQ ±u NO: 60) 

CARDIOTOX53 

CARDIOTOX53 is a novel 89 bp gene fragment. The nucleic acid was initially identified 
in a cloned fragment having the following sequence: 

20 1 AGATCTGCAGCATGACCGGGCCCGTCTCTGGGTCGT^ 
81 AATGCTAGC (SEQ ID NO: 61) 

CARDIOTOX58 

* 

CARDIOTOX58 is a novel gene fragment. The nucleic acid was initially identified in a 
25 cloned fragment having the following sequence: 

1 CCTAGGAAGCGGAGGTTTAGAATCTTGATCTGCTGGTCTTCCAG 
8 1 CAGAAGGACCCCGGTAGCCTCTCGGTCCTCACC 

161 G ATG CT CACTGGAGAT ACTGACCACCTTCrCACTATCTTT CAGGTAC ACGGAGCACATGCCTCCCGTGACACTG CGG ATG 
24 1 ACGCCTGTCTGCCCCACTATTTGTGTGTCCAGATAGGTGTCT 
30 321 GGAGTTCTGCTCAATGCCrrGAGCCTGGTGTGTGGGGATTGTAGCCrCCAGGAGAAGGAG^ 
401 AGCCAACAGGGCTGGGGCTGGGACTAGCCTGATAGGCCATGG (SEQ ID NO: 62) 



The cloned sequence was assembled into a contig resulting in the following 71 0 bp 
consensus sequence: 

35 1 TTTTTTTTTTTTTTTTTTTT^ 

81 AAGAAGGCAGGACATTCCTCAGACTGCTCTGATTCCTAGAGTACCAGGGGAGGAGGAAAAGGA 
161 CTGG CTTG CCCCAGACTCGGGGTTCCATCCTAGGCCAAGCAAGG CCAM 

24 
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24 1 GCTTGt^CCTCAGGCCTCCAGGAGCT 
321 GGATCATGCCATCCTCACCA!TC^ 
401 TTGTTCTT^TGGGGGTGATGGGCTCCAG^ 
481 GCACATCK^CTCCCGTGACACT^ 

561 CCTGGATATCAGTGGTCACCCAGTCACTGGAGTTCTGCTCAATGCCT 

641 GAAGGAGCTCCAGGGGTCATTGGACTGTAGCCAACA^ (SEQ ID NO: 63 ) 



CARDIOTOX59 

CARDIOTOX59 is a novel gene fragment. The nucleic acid was initially identified in a 
1 0 cloned fragment having the following sequence: 

1 GCTTATGGTAAGGAGGCTCCATTTCrCTTGTCCTTTOT^ 

8 1 CTCCGGTCTGAACT CAGATCACGTAGGACTTTAATCGTTGAACAAACGAAC CATTAATAGCTTCTG CACCATTGGGATGT 

161 CCTGAT CCAACAT CG AGGT CGT AAACCCT AATTGTCGAT ATGAACTCTT AAAT AGGATTGCGCTGTT ATCCCTAGG (SEQ ID HO: 64) 



1 5 The cloned sequence was assembled into a contig resulting in the following 161 8 bp 

consensus sequence: 

1 TCCATTTTGTTCCTTCCTCCGGTTGTGCC^ 
81 ATATATACTTTATTGAGATTTTTTTCA^ 

161 GTACTGGGAGAAATTGTAAATAGATAGAAACCGACCTGGATT^ 
20 241 TTGAACAAACG AACCATTAAT AGCTT CTGC ACC ATTGGG ATGT CCTGAT CC AAC AT CG AGGT CGT AAAC CCTAATTGT CG 

321 ATATGAACTCTTAAATAGGATTCCGCTGTTATCCC^AGGGT^ 

401 TAGTATTACTTTGACTTGTGAGTCTAGGTTAAAATCATTC 

481 TTTTAGTTCATATTTATTTTGTTTTAGCCC^ 

561 TCTTCTCGTCTTATTGGGAGATTCCAGCCTCTTCACTGGAAGGT 
25 641 CTCGTTTAGCCATTCATTCTAGTCCCTAATTAAGGAACAAGTGATTATGCTACCT 

721 T TTAACTTTAGT CAC TGGGCAGG CAATG C CT CTAATACTTGTTATG CTAGAGGTGATGTTTTTGGTAAACAGGCGGGGTT 

801 CGTCTTTGCCGAGTTCCTTTTACTTTT 

881 AATTTTATTGTTGGGTTAGTACCTATGATTCGATAA 

961 TTGGTTCTTGTTACTCIATATTAACAGTATTTCATCTATG 
30 1041 AGGTTTGTGGAATTAGTGTGTGTAAGTATGTATGTTGAGCTTGAACGCTTTCTTT 

112 1 ATGGTTAAGTGGTTGTAGTTGTTTATTCACTATTTAAGGTTTTOT 

1201 TTTTAAGTTTACATTTTGATTTGTTGTOCTG 

12 81 CACC?UVG CTCGATAGGCTT TTCACCTOTACCTAAAAATCTT C C CACTAT TTTG CTACATAGACGGGTTGATT CATGAAAT 

13 61 TGTTTTTAGGTAGCTCGTTTGGTTTCGGGGTTCTTAGCTTAAAT^ 
35 1441 CAAAAGGTACAAGGTTTAATCTTTG(ZTTATTTT^ 

1521 GCTCCTGGTAAGTAAATTTCTTTCTCCAATAC^ 
1601 GGTTGGTTGCCTCGTGCC (SEQ ID NO: 65) 



CARDIOTOX60 



25 
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CARDIOTOX60 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 TGTACAGGCTGTATTCCTCATGCCCAATGGCACGCTGTCTGCCCCGAGTGGAGATCT (SEQ ID NO: 66) 

5 The cloned sequence was assembled into a contig resulting in the following 1 86 bp 

consensus sequence: 

I NAATCTCTTTGTTGCCTAGACCTGTGCCCCTC 

81 TG AGT CACTCTTCTGGAAGCTGGGGCAGAGGTGG C CAAGATGT CGACTGAGATCTCCACT CGGGGC AG ACAGCGTG CCAT 
161 TGGGCATGAGGAATACAGCCTGTACA (SEQ ID NO: 67) 

10 

CARDIOTOX61 

CARDIOTOX61 is a novel 238 bp gene fragment The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 GAATTCGCCCTAAAGATGCTGCAGGACTGTCCCAAGGCACGCAGAGAGGTGGAGCTACACTGGAGGGCCTCCCAGTGCCC 
15 81 ACAC^TCGTGCACATCGTGGACGTCTATGAGAACCTGTA^ 

161 ATGGTGGAGAGCTCTTTAGTCGGATCCAGGACCGAGGAGACCA (SEQ ID NO: 68) 

CARDIOTOX62 

CARDIOTOX62 is a novel 173 bp gene fragment. The nucleic acid was initially 
20 identified in a cloned fragment having the following sequence: 

1 CCATGGTGGGGCCTCACGGCTACATCTCTGC 

81 AT ATTATATGGTGTC CTCTGG C TGCTGTGGTCTGCCTGTTACTGGAAAGAT ATACTGAGAAT C CAGTT CTGGATTGCAG C 
161 TGTTATTTTCCTAGG (SEQ ID NO: 69) 

25 CARDIOTOX63 

CARDIOTOX63 is a novel 133 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 GTGCACTCGAATTCCAGGTCCTACCTGTGGC^GGAAGAG 

81 CCAGAGCTCCCCTCTGACCAGCAGAGATAGCCCCTGCCAGCCCCAGCTAGC (SEQ ID NO: 70) 

30 

CARDIOTOX64 

CARDIOTOX64 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 
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1 TCCX3GAAGAGCAATCAGTGCTCTTAACCGCTGA 
81 CCTTTCACAAGTCGGCATCGAAACTITCCAAGTGTCCT^ 
161 CTCAATAACTTCCCTCGCAATGTTTTCTTG^ 
5 241 AGGAGATTGCCKKX3CAGAAAGGACCGGCCGGAGAAGGGC^ 

321 CTCCGAAGAGGAATGCTTCACTTGGGAT^ (SEQ ID NO: 71) 



The cloned sequence was assembled into a contig resulting in the following 477 bp 
1 0 consensus sequence : 

1 ATTATTTATATGAGTACACTGTAGCrATCTTCAG 
8 1 C^TCATGTGGTTGCTGGGATTTGAACTCAGGACCT 
161 CCCTGAAG^CTCTTTCAAAGGTTTATTCTTT 
1 5 241 GGGCTCCTTGGAC^CCATAACGTTTOT 

321 CTGATATATTTGCAGT CGGAG CTGC CATAGTGG CAGGAGATTG CCTG CGCAGAAAGGACCGG CCGGAGAAGGG CAGTTT A 

401 TCAATCCCATTGTGCCCCGAAACCAAGCRGAGCCCTCCGAAGAGGAATGCTTC^ (SEQ ID NO: 72) 

CARDIOTOX65 

20 CARDIOTOX65 is a novel 413 bp gene fragment. The nucleic acid was initially 

identified in a cloned fragment having the following sequence: 

1 CAATTG ATG CTGATGTGACAGTGATAGGTTC TGGT C CTGGAGG ATATGTTGCTGC G^TCAAAGCTGCC CAGTTAGG CTTT 
81 AAGACAGT CTGCATTGAGAAGAATGAAACACT AGGAGGAACATGCITGAA^ CAAAGGCTTTATT 
16 1 AAATAATTCTCATTATTACCATTTGGCCCATGGAAAAGATTTTGCATCT 
25 241 ATTTAG AGAAGATGATGGAG CAGAAG CGTT CTG CAGTAAAAG CATTAACAGGGGGAATTGC CCACTTAT T CAAACAAAAT 
321 AAGGTTGTTCATGTCAATGG ATTTGG AAAG ATAACTGG CAAGAAT CAGGTTACA^ CACTCA 
401 GGTTATTGGTACC (SEQ ID NO: 73) 



CARDIOTOX66 

30 CARDIOTOX66 is a novel gene fragment The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 

1 TGATCATAATCTGTGAAGTGACTCCTTGTTCATC 

81 CTATGATGTATAATCACATAAGCTGGTCCTGTAGCTGT (SEQ ID NO:74) 
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The cloned sequence was assembled into a contig resulting in the following 726 bp 
consensus sequence: 

1 TTTT TTT TTTTTT TTTT GAAAT ACT ATGTGGTTTTATTTAGAAAT AAAAGATTGTO 

81 TACCAGTTT ATCACTG CAC^^GAATGAG AG ACAATGGTGCAACT CG AGTC C CT CACAT CAAGT AC TGC CAAGCTGTTGAT 
5 161 CAT AATCTGTGAAGTG ACT C CTTGTT CATG AGAG CAG ATTTTT AACAAGACX3AGTATG AG AGGAAACCT AGGTAAGCT AT 
241 GATGTATAATCACJVTAAGCTGGTCCTGTAGCTGTC^GG 
321 CAGCCTCATTGAAGGTCTTGTGAATAAGAGGTCrGTA 
401 GTGTGCTTCCTCC&GTGTTCCGCAAATGGCTTCTTCr^ 
481 CACCrrGTAATCTOCCCTGGCATGAGCTCCCCGTGACTCC 
10 561 GCATCAGATTCTGCAGCTCCAGCGTOTCCACCIAGGTCTGTGTTCCAGACC^ 

* 

641 AGGTCTCCATAGAGCTGGCTGACTTTTTCACAGCCITTCTTC 
721 CATCGA (SEQ ID NO; 75) 

CARDIOTOX67 

15 CARDIOTOX67 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 



1 TGTACGGTCATTTCTTCTGCCTTCCGTCTCTGCGACT 
81 GA {SEQ ID NO:76) 

20 

The cloned sequence was assembled into a contig resulting in the following 440 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTATTTA 
25 81 TCCAGAT CIATAT CTCTTAAACTTTCTT CATT CTGTTAATGGG ATGAATTAAATATCCT^ TTTAAGT AGCTGGTGC C 
161 TTACTATAAAG AAAGGAG CAGCAAAT CCAG ATCCAAAGTACACGGTCAT 
241 GAAAACGGCAAATTCTTCCCCGGACCCTCCTCATAGTGGCTGCGACGCACCACX3 

321 G C CCAA CATGCTG CTGCTGGAAGTTCT C CGAGAGTCGCAGAGACG GAAGGCAG AAG AAATGAC CGT AC CAC CTCACCCT A 
401 CTTTCTTCACGACCTTGCTATCCGGAACGAGCCTCGTGCC (SEQ ID NO: 77) 

30 

CARDIOTOX68 

CARDIOTOX68 is a novel 276 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

35 1 GGTACCATCTCCTGGCCATCCCCTCGAT^A 

8 1 TCCCX5GGTGCIAGCAGATGCCTCGTGTGGTAGTTCTAAATTTAAATTTCACT 
161 AGCAAAATAAGAGAAGCATCACCACCAATGAAG 
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241 TGATGTATTCTTTTTCATGT CAGCAT ATGTTCAATTG (SEQ ID NO: 78) 

CARDIOTOX69 

CARDIOTOX69 is a novel 149 bp gene fragment. The nucleic acid was initially 
5 identified in a cloned fragment having the following sequence: 

1 GGTACCACTGTTTTCCTAGTTTCCTTTG 

8 1 TTGAATTCCC^CAGCTGCCTCTAGCTTTGTGGA (SEQ ID NO: 79) 



CARDIOTOX70 

10 CARDIOTOX70 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 

1 AGATCTIX3GAGAATTGAAGGTTC CAACAAGGTACTGGTGGAC CC CGCCACAT A 

81 ATCATT CTGTACAACTAC CG CCATGGTGGCCG C CAGGGACAGAT CAT CTACAACTGG CAGGGTG CCCAGTCTACCCAGGA 
161 TGJVGGTCGCTGCTTCUVGCCATCCTGACTGCCCAGCTGGATGAGGAA 
15 241 AAGGCAAAGAGCCTGCACACCTCATGAGCTrGTOT 

321 GGTGGGCAGACAACCCCTGCCAGTACC (SEQ ID NO: 80) 



The cloned sequence was assembled into a contig resulting in the following 467 bp 
consensus sequence: 

20 1 AGTACTGGCAGGGGTTGTCTGCCCACCATCTCGGGAG 

81 TCATGAGGTGTGCAGGCTCTTTGCCTTGGAC^ 

161 GTCAGGATGGCTGAAGC^GCGACCTCATCCTGGG™ 

241 ACCATGGCGGTAGTTGTACAGAATGATGTAGCTC 

321 TGTTGGAACCTTCAATTCTCCLAGATCTGT^ 
25 401 GAGGTGTGCAGTGTAGCAGCATCGAAAGGCACGCGCTCCACGTTGGCAATGTGGCTGGA (SEQ ID NO: 81) 



CARDIOTOX71 

CARDIOTOX71 is a novel gene fragment The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

30 

1 TCATGAAGGGCGTGGAGTAGACACTGGCTTTGCACAGA 
81 AGGAGTGCACCCGGC (SEQ ID NO: 82) 
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The cloned sequence was assembled into a contig resulting in the following 535 bp 
consensus sequence: 



1 TTTTTTTTTTTTTTTTTTCC&AC^AGAG 
5 81 AAGTTTCAAGGACACAACCAGGTTCA^ 

161 GA&CAGGCATGGGCAACTCTGTGCAAAGCC^T^ 
241 TCGGCCATCGTTGTTCTTGTC^CCGTCCTTamSAGCTCT^ 
3 21 GCATCATCTTCAGTTCATCCAAGTCAATGTAGCCAT 
401 TCAGACTTCCCTTTGCTGTG&TCCTTCATGC^ 
10 481 ATCCTCATCTACCTCGTCGATCATCTCCTGCAGCTCCTCAGGTGTGGGGTTCTGT (SEQ ID NO: 83) 



CARDIOTOX72 

CARDIOTOX72 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

15 1 GCCGGGGACACTGCCTGGGCCTGAGTATGGGGGCATTCTCT^ 

8 1 GAAGTTCCTCTGC CAAG ATGTAAGG CTT ATCAGAAG C CAG AA.TC CGG AAGGAGG CGATGAC CTGTTCTGCAGTGTCCGTG 
161 TCTGCGGTCTCTCTAGTCATGA (SEQ ID NO: 84) 



The cloned sequence was assembled into a contig resulting in the following 445 bp 
20 consensus sequence: 

1 TTTTTTTTTTTTTTTTTCGAGGTAACAACCT 
8 1 GCATCAGAGGTCGCTCTCCCCGTAGAGGGCAGAGGAGAAGG 
161 AGTATGGGGGCATTCTCTTGATGCAGTACTC^ 
241 GGCTTATCAGAAGCC^GAATCCGGAAGGAGGCGATGACCTGTTC^ 
25 321 GTCAATGAAGGACTGGAAGGTGACTGTGCCTTGTCCGT^ 

401 CCAAGTCATAGCCCATGGAAATGAGGCAGGCCCTCGTGCCGAATT (SEQ ID NO: 85) 



CARDIOTOX73 

CARDIOTOX73 is a novel 246 bp gene fragment. The nucleic acid was initially 
30 identified in a cloned fragment having the following sequence: 

TCCGGAGTGGGATGCCCACTTCATCCATAGACACACTGCTTAGGTCCTGTGCACTCCT 
AGCCCTGATGGGCGAGGTGAGTTCTGCCGGGGTTGGCAC^ 

TTTTGCTGTTCTCGGTTGTGCrGCAAGAGCACAATGGTAGGGTTGACAATTG (SEQ ID NO: 86) 



35 CARDIOTOX74 
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CARDIOTOX74 is a novel 126 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 CAATTGTATTCTTGCTGACTAAGGTTCAA^ 

81 AGAGTTTAGTCTTATCTTGTCATGAGCTGGTAACCACTGGGGTACC (SEQ ID NO: 87) 

5 

CARDIOTOX75 

CARDIOTOX75 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 TCCGGAAATGTGGGA^CTGAGCGCCCGGCAGACACG 
10 81 TCCAAXTG (SEQ ID NO-.88) 

The cloned sequence was assembled into a contig resulting in the following 370 bp 
consensus sequence: 

1 TGTACAGGAGGTGAGCAAAGGCAGGGGAGAGGAGAGGTTCTGGAGCG GGGTTGG CATG AGCTGGGAGCT CCACAATAG CC 
15 81 GTGGCCCTCTGAGAAAGAAGGGTAGTGTTTGTGAGGC 

161 TGGCCATTTGG CTATCTGC CTCTTCAG CTATGGACTTTATTTATGGG AAGATTAAACAAGGTGAGAAAGCT 

24 1 ACAAATCCCTAAAAGCAAGCCCCAAATAGCCCCTGCATAGCAGCGTGTCTGCCGGGCGCTCAGCTCCCACATTTCCGGAG 

321 TAG CATGAAACT TGTCAG CCCTTATCCTAGG C CCTGGGATGTT AAAG CTT (SEQ ID NO: 89) 



20 CARDIOTOX76 

CARDIOTOX76 is a novel 337 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 AAGCTCGAGGGTGGAATCAAGGTACCAGAATGTGGATATTT CTT 
81 TGAAAGCTCCCAAGTTCAAGGTGCCAGGCX^ 
25 161 CAGGCAAACCTGGACACACCAGACATCAATATCCAAGGTCCGGAAGCT 

241 T C CTCAAGT CT C CATACC CGATGTGAATGTTAAATTGAAAG G ACCAAAGATAAAGGGTGATGrT C CCAGTGTGGGACTGG 
321 AGGGACCTGACGTAGATCT (SEQ ID NO*. 90) 



CARDIOTOX77 

30 CARDIOTOX77 is a novel 100 bp gene fragment. The nucleic acid was initially 

identified in a cloned fragment having the following sequence: 

♦ 

1 CCATGGGCACAGGCTGCGCCCGAGGCTTCCTGGCAGCCTTTG 
81 CCTCCCCTGGAGGTGCTAGC (SEQ ID NO: 91) 

35 
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CARDIOTOX78 

CARDIOTOX78 is a novel 44 bp gene fragment. The nucleic acid was initially identified 
in a cloned fragment having the following sequence: 

1 G CTAG CATGACAC CAACAAGGACC CT ATCTTG AGG AAAAG ATCT (SEQ ID WO: 92) 



CARDIOTOX79 

CARDIOTOX79 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

X CCTAGGACTGTGGGGACACTTGGGCCTTCCGCA^ 
10 81 TTGTCATCTT<^GCTTCACTCTCAGT 

161 GGC!AGCAGAGACAGCTGCAGGGGCGGCAGGAGCTGGGGTGGCTACX3GCCACAGCCTTCTC 

241 TCTTGTGTTTCTTATCCTTCTTATGTTTC^ (SEQ ID NO: 93) 



The cloned sequence was assembled into a contig resulting in the following 698 bp 
1 5 consensus sequence: 

1 CCTAGGACTGTGGGGACACTTGG<5CCTTCCGCATGGATCGAAGGGCCTTCTCCCGAAGGTGCCTCrCTAAGTCATCau^ 
8 1 TTGTCATCTTCAGCTTCACTCTC&GTCT 
161 GGCAGCAGAGACAGCTGCAGGGGCGGCAGGAGCTG 
241 TCTTGTGTTTCTTATCCTTCTTATGTTTC^ 
20 321 CTGGC^GGGGACGGGCTTGGTGTTGGGCTTTTAGCCT^ 

401 AGACTGCACAAGAGAGGGGGGTGCTGGAGGCTTTTTAGC^ 

481 CCCTTCTTACGGACTGAGGG CTTGGTGAGGCAGCCTTTTTTATCTTTTTGGGTTCC^ 
561 GGCCTAGTACTCGGAGACGGGGACTGCCTTCCTT^ 

641 CTGAGGCGCCCGAGGTCGTGGTGAGGGCGAGTGCCTTTTGTTTGGTTGTGGTGACCGG (SEQ ID NO: 94) 

25 

CARDIOTOX80 

CARDIOTOX80 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 GGTACTTTTAAGATAAAGTCTAGTCCAGTTTAAATGTCAACT^ 
30 81 G C CAACACTACAACAT AAACACTTTGTATT CAAAGT ATACAATTCACTTTATAAATTATT AATGGTATAT AATTTGTATA 
161 AAAT ATATTG CTGC TGT CCAGCATGCTTTTT TTTAAAATC CAAACACAAGGCCAGGAGG ATAGT TAATTTG AAGAATAGA 
241 TAACTTCCATTACACTACACATTTAACA^ (SEQ ID NO: 95) 



The cloned sequence was assembled into a contig resulting in the following 660 bp 
35 consensus sequence: 
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1 TTTTTTTTTTTTTTTTTTCTT^ 

81 ACACGGGATAAGGTTGGAAAATTAAGJVrGAATTGCTOT 
161 CTTTAAAAGCTTTTAAACrrAGATACTAACATAAATAAGCATOT 
241 ATAATATCAATTGCATGGGA.GT^ 
5 321 ATTAACTAT CCTC CTGGCCTTGTGTTTGGATTTT AAAAAAA^^ 
401 ATACCATTAATAATTTATAAAGTGAATTGTATACTT^ 
481 CCAGCTTTGTCACTAGCTTTTGC^ 

561 AAT ATTTTATGT C CTCTAAGGTTTCC CATTTTGTTTGGGAGACGT AGTTTGAAATTTTT CT AACATAATAT C CTTTTCAA 
641 AATTGTGTCTACATGAAGAG (SBQ ID NO: 96) 

10 

CARDIOTOX81 

C ARDIOTOX8 1 is a novel 1 1 5 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 G<mTCCAAAATAAAATCAAGTTCCTAATGGTGGGAGGTGT 
15 81 AAATTTGCAAGACAGGTTTAAAGGAGTAAGCTT ( SBQ ID NO: 97) 



CARDIOTOX82 

CARDIOTOX82 is a novel 294 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

20 1 GCCGGGGGTCCAGAAGGGAGAGTCCCAGACTCGCTACTCTGC^ 

81 TGC CG CACTGGT C AG AGATG CTGTG CGAGAC CGAGACAGGCG AGTCATACAGGATGAGGCCATGT AG C CCATGCCTTGCA 
161 CGAAGTACTTGAAAGCTTCTGTCAGCTTGCCTGGC37GAGTCAGCTC 

241 GAGGTCTGTGTGG^GTCCAGTTTTGAATTACATTC (SBQ ID NO: 98) 

25 CARDIOTOX83 

CARDIOTOX83 is a novel 1 98 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 GCCGGCCAAGGGACAGCAAACAATGCCCCTCCT 
8 1 AGGGGTTGTGGAAGCAGGGGACCTGTC^GCTGCAGGGAGCAT 
30 161 ACGCACTTCGGAAGAGACCCCAGTGGATCAGGGTCATGA (SBQ ID NO:93) 

CARDIOTOX84 

CARDIOTOX84 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

35 1 GAATT CAC CAACATGATGATGAAGGGGGGGAACAAAGTTCTGG CC CGATCACT CATGGCC CAGACTCTGGAAGCCGTGAA 
8 1 AAGGAAGCAGTTTGAAAAGTACCGTGCGGCCTCAGCAGAGG^ 
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161 ACGAGGCACTGAGAAACTGTGAGCCTGTGATTGGGTTGGTGCCTATCCT 

241 CCTCTGGCTGACCGACGCCGGCGCTTCCTGGCCATGAAGTGGATGATCA (SEQ ID NO: 100) 

The cloned sequence was assembled into a contig resulting in the following 730 bp 
5 consensus sequence: 

1 TTTT1TTTTTTTTTTTTTTCAAGTGTTTC 
81 TATACCATGTGTATACCACAACGGTCAG^ 

161 CTGGGAATCAAACCAGGTCCTTTGGAAAGAGCAGTGCn^TTCACCACTGAGCO 
241 TGTGGCAGTGTGTCCTTTCCCCACCTCTCCrrTCCTGCTACCACCAGCGGTAGTGGG 
10 321 ATCTTATGCATATTGTGCTTCCTCTTGATC^ 
401 TGGCATCAGCATCCGTCGAGGCTTGTTCTCT 

481 CAGCCAGAGGCACAGGGACCTGGTAGAAATGACCCCCTTTGAGGAT^^ 
561 AGTGCCTCGTGGAAGATCTTGTAGGGGTTCCGTTCAATC 
641 CTGCTTCCTTTTC&CGGCTTCCAGAGTCT 
15 721 TG^TGAAT'r'C (SEQ It* NO? 101) 

CARDIOTOX85 

CARDIOTOX85 is a novel 294 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

20 1 GAATTCTATCTTCCACTGCCCCACCCAGGCCCAGGCT 

81 CAACCCAGCAGCTACTTTTTGCaGCTGCCACAGGCCATGGAGCTGAACCGAGACCACATGATCCG 
161 GGGCCTCAAGCTCTGGATCTCCCAGGGGAGCTACTTCCTCATO 

241 TGCCTGGAGCTGAGGATGAGCCTTATGACAGACGCTTTGCCAAGTGGATGATCA (SEQ ID NO: 102) 

25 CARDIOTOX111 

CARDIOTOX1 1 1 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 CGGCCGCATC&CCCTGGAAGAGTATCGAAATGTGGTGGAGGAACTGCTCT 

81 CTCGGTCCATCGCCGACG^AGCCATGATGGAGGCTGCCAGCGTGTGCGTGGGACAGATGGAACCGGACCAGGTGTACGAG 
30 161 G GGATCACCTT TGAGGACT TCCTGAAGATCT (SEQ ID NO: 103) 

The cloned sequence was assembled into a contig resulting in the following 593 bp 
consensus sequence: 

1 TGCGTAAGGGGTCCAGCGGCCTGGCCGATGAGATCAACTTCGAGGACTTCCTGACTATCATGTCCTACTTCCGGCCCATT 
35 81 GACACTACCCTGGGTGAGGAACAAGTGGAGCTGTC 

161 CAGTGACGGCCGCATCA.CCCTGGAAGAGTATCGAAATGTGGTGGAGGAACTGCTCTCTGGAAA 
241 AGTCAGCTCGGTCCATCGCCGACGGAGCCATGATGGAGGCTGCCAGCGTGTGCGTGGGA^ 
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321 TACGAGGGGATCACCTTTGAGGACT 

401 O^ACATGGAGACCATTGCCCTCTGCCACTGATCGTGCAGGGG^ 

481 GGCTGCTGTGACAATCAGTAACCCTTCAGTT^ 

561 ATGGTGACAATAAAGGTTTCCTAATGAGCCCGG (SEQ ID NO: 104) 



CARDIOTOX112 

CARDIOTOX1 12 is a novel 179 bp gene fragment The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

10 1 GGATCCGAGCGGATAGTACACCTATCACTGGAC 
81 ATTGACAGTCX3CATAGGCCACAAAACTGCCAG 
161 CTTTGGTAAGGGAGAATTN (SEQ ID NO: 105) 



CARDIOTOX113 

15 CARDIOTOX1 13 is a novel gene fragment. The nucleic acid was initially identified in 

two cloned fragments having the following sequences: 

1 NAATTTTGAACGTGACAGAAGCTCGAGTAGCATCTAGCT^ 

81 TACCATAGTTTTGTAAGTOTACCTTTG (SEQ ID 

NO:106) 

20 

and: 

1 TCTAGACAATATAAACTCCTCATAAAGGCCCTTCAGTTACCTGAACCTGATTTAGAAA 
81 GTACA (SEQ ID NO:107) 



25 The cloned sequence was assembled into a contig resulting in the following 700 bp 

consensus sequence: 

1 TTTTTTTTTTTTTTTTTAATTTTCAACATTTC 

8 1 AGGTAACTGAAGGGCCTTTATGAGGAGTTTATATTGTCTAGACCCAAGATATGCTG 

161 GAAATAACATTTTTCTAAAG ACAGG CTTAGAAATAGTAATC CAGTAATTGAAG ATGTTT C C C CTCTGTGGTAGAGGACT T 
30 241 GATTCATAC CTGG CAGCAAGG CC CCCATTCACGGGTATAG CCAAAAGG ATGG GGTACAGACC ACC CAGAACAAAACCAAC 
321 TAGTG CACCC CGTGTTGTCGTACAG ATT TCACAGTTCAAATTAC CTGT ACT CAAAG GTAAACTT ACAAAACTATGGT AGG 

401 ACAGGTTTGCTGTCAA&&&TGGGATCACAGCCATTGG 
481 CGAAATAGACTGTTTGCTATTAGGCCCCCAAAAGC^ 
561 GTCTGATTCTGGAAGTTGTTTGATTTTTCTGGGTATGATATTAAAT^ 
35 641 TTTCCATCTTGGACCACTCGGCAGAATGACGGCAGCTTATGGCCGCCTCCCGCGCCCGC^ (SEQ ID NO: 108) 
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CARDIOTOX120 

CARDIOTOX120 is a novel 200 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 



1 CCATGGCCGTGGGC!TTTGTGATGTGGrCCTTGATGCTCT^ 

8 1 OTGTAGTTGCTGGGGCAAGOTCTGGAGTCAGATATGTAGCCATTGGTGGTCTG 

161 GAAATCCATCTGCTTGTCCTTGCCAGCAACATGGTCCGGA (SEQ ID NO: 109) 



CARDIOTOX130 

10 CARDIOTOX130 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 



1 T CATGAGGAAAG AGGT CATG CAGG AAG TGGC C CAGCTC AGCCAGTTTG ATG AAGAACT CTATAAGGTGATTGGCAAGGGC 
8 1 AGCGAAAAGAGCGATGACAGCTCCTATGACGAGAAGTACT 
15 161 GGACGAGTGGCTGCGGCCAGAGGATCTGCCCATCAAGTACGCCGGC (SEQ ID WO: 110) 



The cloned sequence was assembled into a contig resulting in the following 572 bp 
consensus sequence: 

20 

1 CCGACTCCTCGTTGATGAAGCCATCCAGAAGTNTGA 

81 GAGAGATTGGGAACCTTCT ACAC CC CT CTNTGCCCATTAGT AACGATG AGG ATGCAGACAACAAAGTAGAG CGT ATTTGG 
161 GGTGATTGTACAGTCAGAAAGAAGTATTCCCATGTGGACCTGGTGGTGATGGTGGATGGCTTTGAAGGCGAA 
241 CGTGGTGGCTGGTAGTCGGGGGTACTTCCTGAAGGGGGTTCCTGGTGTTCCTGGAGCAGGCAC^ 
25 321 CGCACCTTGGGAAGCCGAGGCTACACTCCAATCT 

401 GCTCAGCX^TTTGATG AAGAACTCTATAAGGTGATTGGCAAGGGCAGCGAAAA 
481 AGTACTTGATTGCCACCTCAGAACAGCCCATCXj 
561 AAGTACGCCGGC (SEQ ID NO: 111) 



30 CARDIOTOX132 

CARDIOTOX132 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 GCTAGCCGGCTGATGAACGAGAGAGATTACTGGCCAGGGTATGGAGAAGGGAAGACTTGG 
81 CCCTGAGATTGTAAGGATGGTTGAAGCTCGACAGTCT 
35 161 AAG GGAG CTTC CCAGCCATGATCA (SEQ ID NO: 112) 
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The cloned sequence was assembled into a contig resulting in the following 325 bp 
consensus sequence: 

1 ACT\AGTGTCTACCGCACACCTTTAAATCTAACC^ 
8 1 CGGCGAACAGTTTAAATCCGTTCTCC^^ 
16 1 AGAGAGATTACTOXKICAGGCT 

241 GTTGAAGOTCGAC^GTCTCTCCGTGAGGGGTAC^CAGAAGATGGTGAG 
321 GATCA (SEQ ID NO: 113) 



CARDIOTOX133 

1 0 CARDIOTOX133 is a novel 337 bp gene fragment. The nucleic acid was initially 

identified in a cloned fragment having the following sequence: 



1 CCTAGGAAACATTGGAGC CTTAAGG CGGG CT ACAGACAAGAACAGT TT AGC CATGCGGGTC^TTCTTCACTGTTTGGCAA 
8 1 CCTTAC TTTT TT C CCTCTCTG CCTTC CTGTGT CTTGCATT C CATTTGTGGGACTGTATT TGAAAGGCCAGGCATGTAAAT 
15 1S1 TC CATTAGAG CAAGGTCTCT C CTGGAATGGAACG AATCATTG ACTCAAT CT TTCTCTTTT CC CAGG^ 
24 1 CTCTCCGAG<IAGCT<3CAGCTTAGGAGGAACGGTTGTG 
321 ACACCCCTTAAGGATCC ( SEQ ID NO: 114) 

CAKDIOTOX134 

20 CARDIOTOX134 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 

1 GAATTCACACAGATTGATCCTATCCTGTCT (SEQ ID NO: 115) 

The cloned sequence was assembled into a contig resulting in the following 535 bp 
consensus sequence: 

25 

1 TCCATTTGTTGTCGTTTTTTTTTT^ 

81 ACTACAGAGAGAAAACATACAGTGCGCATAATAAATGAATTCCA^ 
161 GAAGTCAAGAGGAGCCCACAGTTATAGCCACAT^ 

241 ACT TTATTTATTTGGAGCCATGCACTI^GTTTTAGTG C CAAGGG CACAGGAAGATGG ACAAGATAAGGTCCTGAT CACACC 
30 321 AGATG CITT AGAAAGATCTTTC AGTGT CT AACCTACAT CT AGAAGAGT CATGAGGAGTAGTGGCAGGGTGTGTGCGC CACA 
401 ACCTTTGAGGAAAGCGATCCTTATACACAGGGCGACCC<ZAACAAC^ 

481 GCrJLU^i'CACAGACAGGATAGG ATCAAT CTGTGTGAATT CGATTTGG GTATATCGA (SEQ ID NO:116) 

CARDIOTOX138 

35 CARDIOTOX138 is a novel 378 bp gene fragment. The nucleic acid was initially 

identified in a cloned fragment having the following sequence: 
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1 AAATTGCGATTAGGGTAGCTATACATGGAGGGCAAGCAGGGCAG 

81 T AGAAACAGTTG CTTAT AGGGGCCAAACTGGACTACTCCCACCTGGT CATGAAGAAG CCG CATAG CTGTTTCAAAAG AAC 
161 CTGCCAGGATGTGATCCACTGGAAGCTGGGAGTTATTGCACCAGATTTGAGTTGGGCTTGTTCCCT 
5 241 AAGAAACCGTCTTCAGCACCACCGGCAACCCC^ 

321 CC^CCACCTCClTCCTCrTGTC^ (SEQ ID NO: 117) 

General Methods 

The CARDIOTOX nucleic acids and encoded polypeptides can be identified using the 
information provide above. In some embodiments, the CARDIOTOX nucleic acids and 
1 0 polypeptide correspond to nucleic acids or polypeptides which include the various sequences 
(referenced by SEQ ID NOs) disclosed for each CARDIOTOX polypeptide. 

In its various aspects and embodiments, the invention includes providing a test cell 
population which includes at least one cell that is capable of expressing one or more of the 
sequences CARDIOTOX 1-210. By "capable of expressing" is meant that the gene is present in 

15 an intact form in the cell and can be expressed. Expression of one, some, or all of the 

CARDIOTOX sequences is then detected, if present, and, preferably, measured. Using sequence 
information provided by the database entries for the known sequences, or the sequence 
information for the newly described sequences, expression of the CARDIOTOX sequences can 
be detected (if present) and measured using techniques well known to one of ordinary skill in the 

20 art. For example, sequences within the sequence database entries corresponding to 

CARDIOTOX sequences, or within the sequences disclosed herein, can be used to construct 
probes for detecting CARDIOTOX RNA sequences in, e.g., northern blot hybridization analyses 
or methods which specifically, and, preferably, quantitatively amplify specific nucleic acid 
sequences. As another example, the sequences can be used to construct primers for specifically 

25 amplifying the CARDIOTOX sequences in, e.g., amplification-based detection methods such as 
reverse-transcription based polymerase chain reaction. When alterations in gene expression are 
associated with gene amplification or deletion, sequence comparisons in test and reference 
populations can be made by comparing relative amounts of the examined DNA sequences in the 
test and reference cell populations. 

30 Expression can be also measured at the protein level, i. e. , by measuring the levels of 

polypeptides encoded by the gene products described herein. Sugh methods are well known in 
the art and include, e.g., immunoassays based on antibodies to proteins encoded by the genes. 

38 



BNSDOCID: <WO 



0163279A2 I > 



BNS Daae 39 



WO 01/63279 PCT/US01/05693 

Expression level of one or more of the CARDIOTOX sequences in the test cell 
population is then compared to expression levels of the sequences in one or more cells from a 
reference cell population. Expression of sequences in test and control populations of cells can be 
compared using any art-recognized method for comparing expression of nucleic acid sequences. 
For example, expression can be compared using GENECALLENG® methods as described in US 
Patent No. 5,871,697 and in Shimkets et al., Nat. Biotechnol. 17:798-803. 

In various embodiments, the expression of one or more sequences encoding genes of 
expressed in distinct gene profiles based on specific serotonin modulators, as listed in Table 1, is 
compared. These gene profile include, e.g., "Dexfenfluramine Modulated Only" (such as, 
CARDIOTOX 1-9), "Fenfluramine Modulated Only" (CARDIOTOX 10-18), "Dexfenfluramiine 
and Fenfluramine Modulated Only", (CARDIOTOX 19-44), "Dexfenfluramiine, Fenfluramine 
and Dihydroergotamine Modulated Only" (CARDIOTOX 45-57), and "All Serotonin 
Modulators" (CARDIOTOX 58-1 10). In some embodiments, expression of members of two or 
more gene profiles are compared. 

In various embodiments, the expression of 2, 3, 4, 5, 6, 7,8, 9, 10, 15, 20, 25, 35, 40, 50, 
100, 150 or all of the sequences represented by CARDIOTOX 1-210 are measured. If desired, 
expression of these sequences can be measured along with other sequences whose expression is 
known to be altered according to one of the herein described parameters or conditions. 

The reference cell population includes one or more cells for which the compared 
parameter is known. The compared parameter can be, e.g., cardiotoxic agent expression status or 
serotonin modulating agent expression status. By "cardiotoxic agent expression status" is meant 
that it is known whether the reference cell has had contact with one or more cardiotoxic agents. 
Examples of cardiotoxic agents are, e.g., fenfluramine, dexfenluramine and dihydroergotamine. 
By "serotonin modulating agent expression status" is meant that it is known whether the 
reference cell has had contact with a serotonin modulating agent. Examples of serotonin 
modulating agents include, serotonin reuptake inhibitors such as fenflruamine, and sibutamine, 
serotonon receptor agonists such as sumatriptan or serotinergic agonist such as 
dihydroergotamine. Whether or not comparison of the gene expression profile in the test cell 
population to the reference cell population reveals the presence, or degree, of the measured 
parameter depends on the composition of the reference cell population. For example, if the 
reference cell population is composed of cells that have not been treated with a known 
cardiotoxic agent, a similar gene expression level in the test cell population and a reference cell 
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population indicates the test agent is not a cardiotoxic agent. Conversely, if the reference cell 
population is made up of cells that have been treated with a cardiotoxic agent, a similar gene 
expression profile between the test cell population and the reference cell population indicates the 
test agent is a cardiotoxic agent. 

5 In various embodiments, a CARDIOTOX sequence in a test cell population is considered 

comparable in expression level to the expression level of the CARDIOTOX sequence if its 
expression level varies within a factor of 2.0, 1.5, or 1 .0 fold to the level of the CARDIOTOX 
transcript in the reference cell population. In various embodiments, a CARDIOTOX sequence in 
■ a test cell population can be considered altered in levels of expression if its expression level 
1 0 varies from the reference cell population by more than 1 .0, 1 .5, 2.0 or more fold from the 

expression level of the corresponding CARDIOTOX sequence in the reference cell population* 

If desired, comparison of differentially expressed sequences between a test cell 
population and a reference cell population can be done with respect to a control nucleic acid 
whose expression is independent of the parameter or condition being measured. Expression 
1 5 levels of the control nucleic acid in the test and reference nucleic acid can be used to normalize 
signal levels in the compared populations. 

In some embodiments, the test cell population is compared to multiple reference cell 
populations. Each of the multiple reference populations may differ in the known parameter. 
Thus, a test cell population may be compared to a first reference cell population known to have 
20 been exposed to a cardiotoxic agent, as well as a second reference population known have not 
been exposed to a cardiotoxic agent 

The test cell population that is exposed to, le., contacted with, the test agent , e.g., 
cardiotoxic agent or seotonin modulating agent, can be any number of cells, i e. , one or more 
cells, and can be provided in vitro, in vivo, or ex vivo. 

25 In other embodiments, the test cell population can be divided into two or more 

subpopulations. The subpopulations can be created by dividing the first population of cells to 
create as identical a subpopulation as possible. This will be suitable, in, for example, in vitro or 
ex vivo screening methods. In some embodiments, various sub populations can be exposed to a 
control agent, and/or a test agent, multiple test agents, or, e.g., varying dosages of one or multiple 

30 test agents administered together, or in various combinations. 
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Preferably, cells in the reference cell population are derived from a tissue type as similar 
as possible to test cell, e.g., heart tissue. In some embodiments, the control cell is derived from 
the same subject as the test cell, e.g., from a region proximal to the region of origin of the test 
cell. In other embodiments, the reference cell population is derived from a plurality of cells. For 
5 example, the reference cell population can be a database of expression patterns from previously 
tested cells for which one of the herein-described parameters or conditions (e.g., cardiotoxic 
agent expression status) is known. 

The test agent can be a compound not previously described or can be a previously known 
compound but which is not known to be a cardiotoxic agent or a serotonon modulating agent. 

1 0 By "cardiotoxicity" is meant that the agent is damaging or destructive to heart when 

administered to a subject leads to heart damage. 

By "serotonin modulating agent" is meant that the agent modulates (i.e., increases or 
decreases) serotonin levels or activity. Theses agents include for example , serotonin reuptake 
inhibitors, selective serotonin receptor agonist and non-selective sertonergic agonists. 

1 5 The subject is preferably a mammal. The mammal can be, e.g., a human, non-human 

primate, mouse, rat, dog, cat, horse, or cow. 

Screening for Toxic Agents 

In one aspect, the invention provides a method of identifying toxic agents, e.g., 
cardiotoxic agents. The cardiotoxic agent can be identified by providing a cell population that 

20 includes cells capable of expressing one or more nucleic acid sequences homologous to those 
listed in Table 1. as CARDIOTOX 1-210. Preferably, the cell population includes cells capable 
of expressing one or more nucleic acids sequences homologous to CARDIOTX 1 -57. More 
preferably, the cell population includes cells capable of expressing one or more nucleic acids 
sequences homologous to CARDIOTX 45-57. Most preferably, the cell population includes 

25 cells capable of expressing one or more nucleic acids sequences homologous to CARDIOTX 1- 
44. The sequences need not be identical to sequences including CARDIOTOX 1-210, as long as 
the sequence is sufficiently similar that specific hybridization can be detected* Preferably, the 
cell includes sequences that are identical, or nearly identical to those identifying the 
CARDIOTOX nucleic acids shown in Table 1 . 
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Expression of the nucleic acid sequences in the test cell population is then compared to 
the expression of the nucleic acid sequences in a reference cell population, which is a cell 
population that has not been exposed to the test agent, or, in some embodiments, a cell 
population exposed the test agent. Comparison can be performed on test and reference samples 
5 measured concurrently or at temporally distinct times. An example of the latter is the use of 
compiled expression information, e.g., a sequence database, which assembles information about 
expression levels of known sequences following administration of various agents. For example, 
alteration of expression levels following administration of test agent can be compared to the 
expression changes observed in the nucleic acid sequences following administration of a control 
10 agent, such as dexfenflur amine. 

An alteration in expression of the nucleic acid sequence in the test cell population 

not been exposed to the test agent indicates the test agent is a cardiotoxic agent. For example, an 
alteration in expression of GARDIOTOX 1-57 in the test cell population compared to the 
15 expression of the CARDIOTOX 1-57 in the reference cell population that has not been exposed 
to the test agent indicates the test agent is a valvulopathic agent. 

The invention also includes a cardiotoxic agent identified according to this screening 
method. 

Assessing toxicity of an agent in a subject 

20 The differentially expressed CARDIOTOX sequences identified herein also allow for the 

cardiotoxicity of a cardiotoxic agent to be determined or monitored. In this method, a test cell 
population from a subject is exposed to a test agent, le. a. cardiotoxic agent. If desired, test cell 
populations can be taken from the subject at various time points before, during, or after exposure 
to the test agent Expression of one or more of the CARDIOTOX sequences, e.g., 

25 CARDIOTOX: 1-210, in the cell population is then measured and compared to a reference cell 
population which includes cells whose cardiotoxic agent expression status is known. Preferably, 
the reference cells not been exposed to the test agent. 

If the reference cell population contains no cells exposed to the treatment, a similarity in 
expression between CARDIOTOX sequences in the test cell population and the reference cell 
30 population indicates that the treatment is non-cardiotoxic. However, a difference in expression 
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between CARDIOTOX sequences in the test population and this reference cell population 
indicates the treatment is cardiotoxic. 

Screening for Serotonin modulating Agents 

In one aspect, the invention provides a method of identifying serotonin modulating 
5 agents. The serotonin modulating agent can be identified by providing a cell population that 
includes cells capable of expressing one or more nucleic acid sequences homologous to those 
listed in Table 1 as CARDIOTOX 1-210. Preferably, the cell population includes cells capable of 
expressing one or more nucleic acids sequences homologous to CARDIOTX 58-1 10. The 
sequences need not be identical to sequences including CARDIOTOX 1 -2 1 0, as long as the 
10 sequence is sufficiently similar that specific hybridization can be detected. Preferably, the cell 
includes sequences that are identical, or nearly identical to those identifying the CARDIOTOX 
nucleic acids shown in Table 1. 

Expression of the nucleic acid sequences in the test cell population is then compared to 
the expression of the nucleic acid sequences in a reference cell population, which is a cell 

15 population that has not been exposed to the test agent, or, in some embodiments, a cell 

population exposed the test agent Comparison can be performed on test and reference samples 
measured concurrently or at temporally distinct times. An example of the latter is the use of 
compiled expression information, e.g., a sequence database, which assembles information about 
expression levels of known sequences following administration of various agents. For example, 

20 alteration of expression levels following administration of test agent can be compared to the 

expression changes observed in the nucleic acid sequences following administration of a control 
agent, such as fluoxetine. 

An alteration in expression of the nucleic acid sequence in the test cell population 
compared to the expression of the nucleic acid sequence in the reference cell population that has 
25 not been exposed to the test agent indicates the test agent is a serotonin modulating agent. 

The invention also includes a serotonin modulating agent identified according to this 
screening method, and a pharmaceutical composition which includes the serotonin modulating 
agent 
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CARDIOTOX nucleic acids 

Also provided in the invention are novel nucleic acid comprising a nucleic acid sequence 
selected from the group consisting of CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 1 1 1-1 13, 
120, 130, 132-134 and 138 or its complement, as well as vectors and cells including these nucleic 
5 acids. 

Thus, one aspect of the invention pertains to isolated CARDIOTOX nucleic acid 
molecules that encode CARDIOTOX proteins or biologically active portions thereof. Also 
included are nucleic acid fragments sufficient for use as hybridization probes to identify 
CARDIOTOX-encoding nucleic acids (e.g., CARDIOTOX mRNA) and fragments for use as 

10 polymerase chain reaction (PCR) primers for the amplification or mutation of CARDIOTOX 
nucleic acid molecules* As used herein, the term "nucleic acid molecule" is intended to include 
DNA molecules cDNA or genomic DNA), RNA molecules (e.g., mRNA), analogs of the 
DNA or RNA generated using nucleotide analogs, and derivatives, fragments and homologs 
thereof The nucleic acid molecule can be single-stranded or double-stranded, but preferably is 

15 double-stranded DNA. 

"Probes" refer to nucleic acid sequences of variable length, preferably between at least 
about 1 0 nucleotides (nt) or as many as about, e.g., 6,000 nt, depending on use. Probes are used 
in the detection of identical, similar, or complementary nucleic acid sequences. Longer length 
probes are usually obtained from a natural or recombinant source, are highly specific and much 
20 slower to hybridize than oligomers. Probes may be single- or double-stranded and designed to 
have specificity in PCR, membrane-based hybridization technologies, or ELISA-like 
technologies. 

An "isolated" nucleic acid molecule is one that is separated from other nucleic acid 
molecules which are present in the natural source of the nucleic acid. Examples of isolated 

25 nucleic acid molecules include, but are not limited to, recombinant DNA molecules contained in 
a vector, recombinant DNA molecules maintained in a heterologous host cell, partially or 
substantially purified nucleic acid molecules, and synthetic DNA or RNA molecules. Preferably, 
an "isolated" nucleic acid is free of sequences which naturally flank the nucleic acid (/.e., 
sequences located at the 5' and 3' ends of the nucleic acid) in the genomic DNA of the organism 

30 from which the nucleic acid is derived. For example, in various embodiments, the isolated 

CARDIOTOX nucleic acid molecule can contain less than about 50 kb, 25 kb, 5 kb, 4 kb, 3 kb, 2 



BNSDOCID: <WO 



01 63279 A2 I > 



BNS oaae 45 



WO 01/63279 PCTYUS01/05693 

kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide sequences which naturally flank the nucleic acid 
molecule in genomic DNA of the cell from which the nucleic acid is derived. Moreover, an 
"isolated" nucleic acid molecule, such as a cDNA molecule, can be substantially free of other 
cellular material or culture medium when produced by recombinant techniques, or of chemical 
5 precursors or other chemicals when chemically synthesized. 

A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule having the 
nucleotide sequence of any of CARDIOTOX:l-7, 10-13, 19-34, 45-53, 58-85, 1 1 1-1 13, 120, 
130, 132-134 and 138, or a complement of any of these nucleotide sequences, can be isolated 
using standard molecular biology techniques and the sequence information provided herein. 
1 0 Using all or a portion of these nucleic acid sequences as a hybridization probe, CARDIOTOX 
nucleic acid sequences can be isolated using standard hybridization and cloning techniques (e.g., 
as described in Sambrook et al. 9 eds., Molecular Cloning: A Laboratory Manual 2 nd Ed., 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989; and Ausubel, et al. 9 eds., 
Current Protocols in Molecular Biology, John Wiley & Sons, New York, NY, 1 993.) 

15 A nucleic acid of the invention can be amplified using cDNA, mRNA or alternatively, 

genomic DNA, as a template and appropriate oligonucleotide primers according to standard PCR 
amplification techniques. The nucleic acid so amplified can be cloned into an appropriate vector 
and characterized by DNA sequence analysis. Furthermore, oligonucleotides corresponding to 
CARDIOTOX nucleotide sequences can be prepared by standard synthetic techniques, e.g., using 

20 an automated DNA synthesizer. 

As used herein, the term "oligonucleotide" refers to a series of linked nucleotide residues, 
which oligonucleotide has a sufficient number of nucleotide bases to be used in a PCR reaction. 
A short oligonucleotide sequence may be based on, or designed from, a genomic or cDNA 
sequence and is used to amplify, confirm, or reveal the presence of an identical, similar or 
25 complementary DNA or RNA in a particular cell or tissue. Oligonucleotides comprise portions 
of a nucleic acid sequence having at least about 10 nt and as many as 50 nt, preferably about 
15 nt to 30 nt. They may be chemically synthesized and may be used as probes. 

In another embodiment, an isolated nucleic acid molecule of the invention comprises a 
nucleic acid molecule that is a complement of the nucleotide sequence shown in CARDIOTOX: 
30 :l-7> 10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 138 . In another embodiment, 
an isolated nucleic acid molecule of the invention comprises a nucleic acid molecule that is a 
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complement of the nucleotide sequence shown in any of these sequences, or a portion of any of 
these nucleotide sequences. A nucleic acid molecule that is complementary to the nucleotide 
sequence shown in CARDIOTOX:l-7, 10-13, 19-34, 45-53, 58-85, 1 1 1-1 13, 120, 130, 132-134 
and 138 is one that is sufficiently complementary to the nucleotide sequence shown, such that it 
5 can hydrogen bond with little or no mismatches to the nucleotide sequences shown, thereby 
forming a stable duplex. 

As used herein, the term "complementary" refers to Watson-Crick or Hoogsteen base 
pairing between nucleotides units of a nucleic acid molecule, and the term "binding" means the 
physical or chemical interaction between two polypeptides or compounds or associated 
10 polypeptides or compounds or combinations thereof. Binding includes ionic, non-ionic, Von der 
Waals, hydrophobic interactions, etc. A physical interaction can be either direct or indirect. 
Indirect interactions may be through or due to the effects of another polypeptide or compound. 
Direct binding refers to interactions that do not take place through, or due to, the effect of another 
polypeptide or compound, but instead are without other substantial chemical intermediates. 

15 Moreover, the nucleic acid molecule of the invention can comprise only a portion of the 

nucleic acid sequence of CARDIOTOX:l-7, 10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132- 
134 and 138 e.g., a fragment that can be used as a probe or primer or a fragment encoding a 
biologically active portion of CAKDIOTOX. Fragments provided herein are defined as 
sequences of at least 6 (contiguous) nucleic acids or at least 4 (contiguous) amino acids, a length 

20 sufficient to allow for specific hybridization in the case of nucleic acids or for specific 

recognition of an epitope in the case of amino acids, respectively, and are at most some portion 

» 

less than a full length sequence. Fragments may be derived from any contiguous portion of a 
nucleic acid or amino acid sequence of choice. Derivatives are nucleic acid sequences or amino 
acid sequences formed from the native compounds either directly or by modification or partial 
25 substitution. Analogs are nucleic acid sequences or amino acid sequences that have a structure 
similar to, but not identical to, the native compound but differs from it in respect to certain 
components or side chains. Analogs may be synthetic or from a different evolutionary origin and 
may have a similar or opposite metabolic activity compared to wild type. 

Derivatives and analogs may be full length or other than full length, if the derivative or 
30 analog contains a modified nucleic acid or amino acid, as described below. Derivatives or 

analogs of the nucleic acids or proteins of the invention include, but are not limited to, molecules 
comprising regions that are substantially homologous to the nucleic acids or proteins of the 
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invention, in various embodiments, by at least about 45%, 50%, 70%, 80%, 95%, 98%, or even 
99% identity (with a preferred identity of 80-99%) over a nucleic acid or amino acid sequence of 
identical size or when compared to an aligned sequence in which the alignment is done by a 
computer homology program known in the art, or whose encoding nucleic acid is capable of 
5 hybridizing to the complement of a sequence encoding the aforementioned proteins under 

stringent, moderately stringent, or low stringent conditions. See e.g. Ausubel, et aL 9 Current 
Protocols in Molecular Biology, John Wiley & Sons, New York, NY, 1993, and below. An 
exemplary program is the Gap program (Wisconsin Sequence Analysis Package, Version 8 for 
UNIX, Genetics Computer Group, University Research Park, Madison, WI) using the default 
10 settings, which uses the algorithm of Smith and Waterman (Adv. Appl. Math., 1981, 2: 482-489, 
which in incorporated herein by reference in its entirety). 

A "homologous nucleic acid sequence" or "homologous amino acid sequence," or 
variations thereof, refer to sequences characterized by a homology at the nucleotide level or 
amino acid level as discussed above. Homologous nucleotide sequences encode those sequences 

15 coding for isoforms of a CARDIOTOX polypeptide. Isoforms can be expressed in different 
tissues of the same organism as a result of, for example, alternative splicing of RNA. 
Alternatively, isoforms can be encoded by different genes. In the present invention, homologous 
nucleotide sequences include nucleotide sequences encoding for a CARDIOTOX polypeptide of 
species other than humans, including, but not limited to, mammals, and thus can include, e.g., 

20 mouse, rat, rabbit, dog, cat cow, horse, and other organisms. Homologous nucleotide sequences 
also include, but are not limited to, naturally occurring allelic variations and mutations of the 
nucleotide sequences set forth herein. A homologous nucleotide sequence does not, however, 
include the nucleotide sequence encoding a human CARDIOTOX protein. Homologous nucleic 
acid sequences include those nucleic acid sequences that encode conservative amino acid 

25 substitutions (see below) in a CARDIOTOX polypeptide, as well as a polypeptide having a 
CARDIOTOX activity. A homologous amino acid sequence does not encode the amino acid 
sequence of a human CARDIOTOX polypeptide. 

The nucleotide sequence determined from the cloning of human CARDIOTOX genes 
allows for the generation of probes and primers designed for use in identifying and/or cloning 
30 CARDIOTOX homologues in other cell types, e.g., from other tissues, as well as CARDIOTOX 
" homologues from other mammals. The probe/primer typically comprises a substantially purified 
oligonucleotide. The oligonucleotide typically comprises a region of nucleotide sequence that 
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hybridizes under stringent conditions to at least about 12, 25, 50, 100, 150, 200, 250, 300, 350 or 
400 consecutive sense strand nucleotide sequence of a nucleic acid comprising a CARDIOTOX 
sequence, or an anti-sense strand nucleotide sequence of a nucleic acid comprising a 
CARDIOTOX sequence, or of a naturally occurring mutant of these sequences. 

5 Probes based on human CARDIOTOX nucleotide sequences can be used to detect 

transcripts or genomic sequences encoding the same or homologous proteins. In various 
embodiments, the probe further comprises a label group attached thereto, e.g., the label group can 
be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor. Such probes can 
be used as a part of a diagnostic test kit for identifying cells or tissue which misexpress a 
10 CARDIOTOX protein, such as by measuring a level of a CARDIOTOX-encoding nucleic acid in 
a sample of cells from a subject e.g., detecting CARDIOTOX mRNA levels or determining 
whether a genomic CARDIOTOX gene has been mutated or deleted. 

"A polypeptide having a biologically active portion of CARDIOTOX" refers to 
polypeptides exhibiting activity similar, but not necessarily identical to, an activity of a 

1 5 polypeptide of the present invention, including mature forms, as measured in a particular 
biological assay, with or without dose dependency. A nucleic acid fragment encoding a 
"biologically active portion of CARDIOTOX" can be prepared by isolating a portion of 
CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 138, that 
encodes a polypeptide having a CARDIOTOX biological activity, expressing the encoded 

20 portion of CARDIOTOX protein {e.g., by recombinant expression in vitro) and assessing the 

activity of the encoded portion of CARDIOTOX. For example, a nucleic acid fragment encoding 
a biologically active portion of a CARDIOTOX polypeptide can optionally include an ATP- 
binding domain. La another embodiment, a nucleic acid fragment encoding a biologically active 
portion of CARDIOTOX includes one or more regions. 

25 CARDIOTOX variants 

The invention further encompasses nucleic acid molecules that differ from the disclosed 
or referenced CARDIOTOX nucleotide sequences due to degeneracy of the genetic code. These 
nucleic acids thus encode the same CARDIOTOX protein as that encoded by nucleotide 
sequence comprising a CARDIOTOX nucleic acid as shown in, e.g., CARDIOTOX: 1-7, 10-13, 
30 19-34,45-53, 58-85, 111-113, 120, 130, 132-134 and 138 
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In addition to the rat CARDIOTOX nucleotide sequence shown in CARDIOTOX: 1-7, 
10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 138, it will be appreciated by those 
skilled in the art that DNA sequence polymorphisms that lead to changes in the amino acid 
sequences of a CARDIOTOX polypeptide may exist within a population (e.g., the human 
5 population). Such genetic polymorphism in the CARDIOTOX gene may exist among 

individuals within a population due to natural allelic variation. As used herein, the terms "gene" 
and "recombinant gene" refer to nucleic acid molecules comprising an open reading frame 
encoding a CARDIOTOX protein, preferably a mammalian CARDIOTOX protein. Such natural 
allelic variations can typically result in 1-5% variance in the nucleotide sequence of the 
10 CARDIOTOX gene. Any and all such nucleotide variations and resulting amino acid 

polymorphisms in CARDIOTOX that are the result of natural allelic variation and that do not 
alter the functional activity of CARDIOTOX are intended to be within the scope of the invention. 

Moreover, nucleic acid molecules encoding CARDIOTOX proteins from other species, 
and thus that have a nucleotide sequence that differs from the human sequence of 

15 CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 138, are 
intended to be within the scope of the invention. Nucleic acid molecules corresponding to 
natural allelic variants and homologues of the CARDIOTOX DNAs of the invention can be 
isolated based on their homology to the human CARDIOTOX nucleic acids disclosed herein 
using the human cDNAs, or a portion thereof, as a hybridization probe according to standard 

20 hybridization techniques under stringent hybridization conditions. For example, a soluble human 
CARDIOTOX DNA can be isolated based on its homology to human membrane-bound 
CARDIOTOX. Likewise, a membrane-bound human CARDIOTOX DNA can be isolated based 
on its homology to soluble human CARDIOTOX. 

Accordingly, in another embodiment, an isolated nucleic acid molecule of the invention 
25 is at least 6 nucleotides in length and hybridizes under stringent conditions to the nucleic acid 
molecule comprising the nucleotide sequence of CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 
1 1 1-113, 120, 130, 132-134 and 138. In another embodiment, the nucleic acid is at least 10, 25, 
50, 100, 250 or 500 nucleotides in length. In another embodiment, an isolated nucleic acid 
molecule of the invention hybridizes to the coding region. As used herein, the term "hybridizes 
30 under stringent conditions" is intended to describe conditions for hybridization and washing 
under which nucleotide sequences at least 60% homologous to each other typically remain 
hybridized to each other. 
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Homologs (ie., nucleic acids encoding CARDIOTOX proteins derived from species 
other than human) or other related sequences (e.g., paralogs) can be obtained by low, moderate or 
high stringency hybridization with all or a portion of the particular human sequence as a probe 

a 

using methods well known in the art for nucleic acid hybridization and cloning. 

5 As used herein, the phrase "stringent hybridization conditions" refers to conditions under 

which a probe, primer or oligonucleotide will hybridize to its target sequence, but to no other 
sequences. Stringent conditions are sequence-dependent and will be different in different 
circumstances. Longer sequences hybridize specifically at higher temperatures than shorter 
sequences. Generally, stringent conditions are selected to be about 5°C lower than the thermal 

10 melting point (Tm) for the specific sequence at a defined ionic strength and pH. The Tm is the 
temperature (under defined ionic strength, pH and nucleic acid concentration) at which 50% of 
the probes complementary to the target sequence hybridize to the target sequence at equilibrium. 
Since the target sequences are generally present at excess, at Tm, 50% of the probes are occupied 
at equilibrium. Typically, stringent conditions will be those in which the salt concentration is 

15 less than about 1.0 M sodium ion, typically about 0.01 to 1.0 M sodium ion (or other salts) at pH 
7.0 to 8.3 and the temperature is at least about 30°C for short probes, primers or oligonucleotides 
(e.g., 10 nt to 50 nt) and at least about 60°C for longer probes, primers and oligonucleotides. 
Stringent conditions may also be achieved with the addition of destabilizing agents, such as 
formamide. 

20 Stringent conditions are known to those skilled in the art and can be found in Current 

Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. Preferably, 
the conditions are such that sequences at least about 65%, 70%, 75%, 85%, 90%, 95%, 98%, or 
99% homologous to each other typically remain hybridized to each other. A non-limiting 
example of stringent hybridization conditions is hybridization in a high salt buffer comprising 6X 

25 SSC, 50 mM Tris-HCl (pH 7.5), 1 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, and 500 
mg/ml denatured salmon sperm DNA at 65°C. This hybridization is followed by one or more 
washes in 0.2X SSC, 0.01% BSA at 50°C. An isolated nucleic acid molecule of the invention 
that hybridizes under stringent conditions to the sequence of CARDIOTOX: 1-7, 10-13, 19-34, 
45-53,58-85, 111-113, 120, 130, 132-134 and 138 corresponds to a naturally occurring nucleic 

30 acid molecule. As used herein, a "naturally-occurring" nucleic acid molecule refers to an RNA 
" or DNA molecule having a nucleotide sequence that occurs in nature (e.g., encodes a natural 
protein). 
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In a second embodiment, a nucleic acid sequence that is hybridizable to the nucleic acid 

molecule comprising the nucleotide sequence of CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 

111-113, 120, 130, 132-134 and 138 or fragments, analogs or derivatives thereof, under 

conditions of moderate stringency is provided. A non-limiting example of moderate stringency 

5 hybridization conditions are hybridization in 6X SSC, 5X Denhardt's solution, 0.5% SDS and 

100 mg/ml denatured salmon sperm DNA at 55°C, followed by one or more washes in IX SSC, 

0.1% SDS at 37°C. Other conditions of moderate stringency that may be used are well known in 

the art. See, e.g., Ausubel et ah feds.), 1993, Current Protocols in Molecular Biology, 

John Wiley & Sons, NY, and Kriegler, 1990, Gene Transfer and Expression, A Laboratory 

1 0 Manual, Stockton Press, NY. 

In a third embodiment, a nucleic acid that is hybridizable to the nucleic acid molecule 

comprising the nucleotide sequence of CARDIOTOX:l-7, 10-13, 19-34, 45-53, 58-85, 111-113, 

120, 130, 132-134 and 138or fragments, analogs or derivatives thereof, under conditions of low 

stringency, is provided. A non-limiting example of low stringency hybridization conditions are 

15 hybridization in 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 
0.02% Ficoll, 0.2% BSA, 100 mg/ml denatured salmon sperm DNA, 10% (wt/vol) dextran 
sulfate at 40°C, followed by one or more washes in 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM 
EDTA, and 0.1% SDS at 50°C. Other conditions of low stringency that may be used are well 
known in the art (e.g., as employed for cross-species hybridizations). See, e.g., Ausubel et ah 

20 feds.), 1993, Current Protocols in Molecular Biology, John Wiley & Sons, NY, and 
Kriegler, 1 990, Gene Transfer and Expression, A Laboratory Manual, Stockton Press, 
NY; Shilo etaL, 1981, Proc Natl Acad Sci USA 78: 6789-6792. 

Conservative mutations 

In addition to naturally-occurring allelic variants of the CARDIOTOX sequence that may 
25 exist in the population, the skilled artisan will further appreciate that changes can be introduced 
into an CARDIOTOX nucleic acid or directly into an CARDIOTOX polypeptide sequence 
without altering the functional ability of the CARDIOTOX protein. La some embodiments, the 
nucleotide sequence of CARDIOTOX: 1-7, 10-13, 19-34, 45-53,58-85, 111-113, 120, 130, 132- 
134 and 138will be altered, thereby leading to changes in the amino acid sequence of the encoded 
30 CARDIOTOX protein. For example, nucleotide substitutions that result in amino acid 

substitutions at various "non-essential" amino acid residues can be made in the sequence of 
CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 138. A 
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"non-essential" amino acid residue is a residue that can be altered from the wild-type sequence of 
CARDIOTOX without altering the biological activity, whereas an "essential" amino acid residue 
is required for biological activity. For example, amino acid residues that are conserved among 
the CARDIOTOX proteins of the present invention, are predicted to be particularly unamenable 
5 to alteration. 

In addition, amino acid residues that are conserved among family members of the 
CARDIOTOX proteins of the present invention, are also predicted to be particularly unamenable 
to alteration. As such, these conserved domains are not likely to be amenable to mutation. Other 
amino acid residues, however, (e.g., those that are not conserved or only semi-conserved among 
1 0 members of the CARDIOTOX proteins) may not be essential for activity and thus are likely to be 
amenable to alteration. 

Another aspect of the invention pertains to nucleic acid molecules encoding 
CARDIOTOX proteins that contain changes in amino acid residues that are not essential for 
activity. Such CARDIOTOX proteins differ in amino acid sequence from the amino acid 

15 sequences of polypeptides encoded by nucleic acids containing CARDIOTOX: 1-7, 10-13, 19-34, 
45-53, 58-85, 111-1 13, 120, 130, 132-134 and 138, yet retain biological activity. In one 
embodiment, the isolated nucleic acid molecule comprises a nucleotide sequence encoding a 
protein, wherein the protein comprises an amino acid sequence at least about 45% homologous, 
more preferably 60%, and still more preferably at least about 70%, 80%, 90%, 95%, 98%, and 

20 most preferably at least about 99% homologous to the amino acid sequence of the amino acid 
sequences of polypeptides encoded by nucleic acids comprising CARDIOTOX: 1-7, 10-13, 19- 
34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 138. 

An isolated nucleic acid molecule encoding a CARDIOTOX protein homologous to can 
be created by introducing one or more nucleotide substitutions, additions or deletions into the 
25 nucleotide sequence of a nucleic acid comprising CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 
111-113, 120, 130, 132-134 and 138, such that one or more amino acid substitutions, additions or 
deletions are introduced into the encoded protein. 

t _ ^ 

Mutations can be introduced into a nucleic acid comprising CARDIOTOX: 1-7, 10-13, 

19-34,45-53,58-85, 111-113, 120, 130, 132-134 and 138 by standard techniques, such as 

30 site-directed mutagenesis and PCR-mediated mutagenesis. Preferably, conservative amino acid 

substitutions are made at one or more predicted non-essential amino acid residues. A 
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"conservative amino acid substitution" is one in which the amino acid residue is replaced with an 
amino acid residue having a similar side chain. Families of amino acid residues having similar 
side chains have been defined in the art. These families include amino acids with basic side 
chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), 
5 uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, 
cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, 
methionine, tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and 
aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a predicted 
nonessential amino acid residue in CARDIOTOX is replaced with another amino acid residue 

1 0 from the same side chain family. Alternatively, in another embodiment, mutations can be 

introduced randomly along all or part of a CARDIOTOX coding sequence, such as by saturation 
mutagenesis, and the resultant mutants can be screened for CARDIOTOX biological activity to 
identify mutants that retain activity. Following mutagenesis of the nucleic acid^ the encoded 
protein can be expressed by any recombinant technology known in the art and the activity of the 

1 5 protein can be determined. 

In one embodiment, a mutant CARDIOTOX protein can be assayed for (1) the ability to 
form protein:protein interactions with other CARDIOTOX proteins, other cell-surface proteins, 
or biologically active portions thereof, (2) complex formation between a mutant CARDIOTOX 
protein and a CARDIOTOX ligand; (3) the ability, of a mutant CARDIOTOX protein to bind to 
20 an intracellular target protein or biologically active portion thereof; (e.g., avidin proteins); (4) the 
ability to bind ATP; or (5) the ability to specifically bind a CARDIOTOX protein antibody. 

In other embodiment, the fragment of the complementary polynucleotide sequence 
described in claim 1 wherein the fragment of the complementary polynucleotide sequence 
hybridizes to the first sequence. 

25 In other specific embodiments, the nucleic acid is RNA or DNA. The fragment or the 

fragment of the complementary polynucleotide sequence described in claim 38, wherein the 
fragment is between about 10 and about 100 nucleotides in length, e.g. , between about 10 and 
about 90 nucleotides in length, or about 10 and about 75 nucleotides in length, about 10 and 
about 50 bases in length, about 10 and about 40 bases in length, or about 1 5 and about 30 bases 

30 in length. 
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Antisense 

Another aspect of the invention pertains to isolated antisense nucleic acid molecules that 
are hybridizable to or complementary to the nucleic acid molecule comprising the nucleotide 
sequence of a CARDIOTOX sequence or fragments, analogs or derivatives thereof An 
5 "antisense" nucleic acid comprises a nucleotide sequence that is complementary to a "sense" 
nucleic acid encoding a protein, e.g., complementary to the coding strand of a double-stranded 
cDNA molecule or complementary to an mRNA sequence. In specific aspects, antisense nucleic 
acid molecules are provided that comprise a sequence complementary to at least about 10, 25, 50, 
100, 250 or 500 nucleotides or an entire CARDIOTOX coding strand, or to only a portion 
10 thereof Nucleic acid molecules encoding fragments, homologs, derivatives and analogs of a 
CARDIOTOX protein, or antisense nucleic acids complementary to a nucleic acid comprising a 
CARDIOTOX nucleic acid sequence are additionally provided. 

In one embodiment, an antisense nucleic acid molecule is antisense to a "coding region" 
of the coding strand of a nucleotide sequence encoding CARDIOTOX. The term "coding 

1 5 region" refers to the region of the nucleotide sequence comprising codons which are translated 
into amino acid residues. In another embodiment, the antisense nucleic acid molecule is 
antisense to a "noncoding region" of the coding strand of a nucleotide sequence encoding 
CARDIOTOX. The term "noncoding region" refers to 5' and 3' sequences which flank the 
coding region that are not translated into amino acids (i.e., also referred to as 5 1 and 3' 

20 untranslated regions). 

Given the coding strand sequences encoding CARDIOTOX disclosed herein, antisense 
nucleic acids of the invention can be designed according to the rules of Watson and Crick or 
Hoogsteen base pairing. The antisense nucleic acid molecule can be complementary to the entire 
coding region of CARDIOTOX mRNA, but more preferably is an oligonucleotide that is 

25 antisense to only a portion of the coding or noncoding region of CARDIOTOX mRNA. For 
example, the antisense oligonucleotide can be complementary to the region surrounding the 
translation start site of CARDIOTOX mRNA. An antisense oligonucleotide can be, for example, 
about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length. An antisense nucleic acid of 
the invention can be constructed using chemical synthesis or enzymatic ligation reactions using 

30 procedures known in the art. For example, an antisense nucleic acid (e.g., an antisense 
oligonucleotide) can be chemically synthesized using naturally occurring nucleotides or 
variously modified nucleotides designed to increase the biological stability of the molecules or to 
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increase the physical stability of the duplex formed between the antisense and sense nucleic 
acids, e.g., phosphorothioate derivatives and acridine substituted nucleotides can be used- 
Examples of modified nucleotides that can be used to generate the antisense nucleic acid 
include: 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xanthine, 
5 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl- 

2-thiouridine, 5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, 
inosine, N6-isopentenyladenine, 1 -methylguanine, 1-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 
7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminometiiyl-2-thiouracil, 
10 beta-D-mannosylqueosine, 5-methoxycarboxymethyluracil, 5-methoxyuracil, 

2- methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, 
queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, 
uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5 -methy 1-2-thiouracil , 

3- (3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, the 
15 antisense nucleic acid can be produced biologically using an expression vector into which a 

nucleic acid has been subcloned in an antisense orientation (i.e., RNA transcribed from the 
inserted nucleic acid will be of an antisense orientation to a target nucleic acid of interest, 
described further in the following subsection). 

The antisense nucleic acid molecules of the invention are typically administered to a 

20 subject or generated in situ, such that they hybridize with or bind to cellular mRNA and/or 

genomic DNA encoding a CARDIOTOX protein to thereby inhibit expression of the protein, 
e.g., by inhibiting transcription and/or translation. The hybridization can be by conventional 
nucleotide complementarity to form a stable duplex, or, for example, in the case of an antisense 
nucleic acid molecule that binds to DNA duplexes, through specific interactions in the major 

25 groove of the double helix. An example of a route of administration of antisense nucleic acid 
molecules of the invention includes direct injection at a tissue site. Alternatively, antisense 
nucleic acid molecules can be modified to target selected cells and then administered 
systemically. For example, for systemic administration, antisense molecules can be modified 
such that they specifically bind to receptors or antigens expressed on a selected cell surface, e.g., 

30 by linking the antisense nucleic acid molecules to peptides or antibodies that bind to cell surface 
receptors or antigens. The antisense nucleic acid molecules can also be delivered to cells using 
the vectors described herein. To achieve sufficient intracellular concentrations of antisense 
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molecules, vector constructs in which the antisense nucleic acid molecule is placed under the 
control of a strong pol II or pol III promoter arfe preferred. 



In yet another embodiment, the antisense nucleic acid molecule of the invention is an 
a-anomeric nucleic acid molecule. An oc-anomeric nucleic acid molecule forms specific 
5 double-stranded hybrids with complementary RNA in which, contrary to the usual (3-units, the 
strands run parallel to each other (Gaultier et al. (1 987) Nucleic Acids Res 15: 6625-6641). The 
antisense nucleic acid molecule can also comprise a 2 -o-methylribonucleotide (Inoue et aL (1987) 
Nucleic Acids Res 15: 6131-6148) or a chimeric RNA -DNA analogue (Inoue et al. (1987) FEES 
Lett 215: 327-330). 

1 0 RIBOZYMES AND PNA MOIETIES 

In still another embodiment, an antisense nucleic acid of the invention is a ribozyme. 
Ribo2ymes are catalytic RNA molecules with ribonuclease activity that are capable of cleaving a 
single-stranded nucleic acid, such as an mRNA, to which they have a complementary region. 
Thus, ribozymes (e.g., hammerhead ribozymes (described in Haselhoff and Gerlach (1988) 

15 Nature 334:585-591)) can be used to catalytically cleave CARDIOTOX mRNA transcripts to 
thereby inhibit translation of CARDIOTOX mRNA. A ribozyme having specificity for a 
CARDIOTOX-encoding nucleic acid can be designed based upon the nucleotide sequence of a 
CARDIOTOX DNA disclosed herein. For example, a derivative of a Tetrahymena L-19 IVS 
RNA can be constructed in which the nucleotide sequence of the active site is complementary to 

20 the nucleotide sequence to be cleaved in a CARDIOTOX-encoding mRNA. See, e.g., Cech et aL 
U.S. Pat. No. 4,987,071; and Cech et aL U.S. Pat. No. 5,1 16,742. Alternatively, CARDIOTOX 
mRNA can be used to select a catalytic RNA having a specific ribonuclease activity from a pool 
of RNA molecules. See, e.g., Bartel et aL, (1993) Science 261 :141 1-141 8. 

Alternatively, CARDIOTOX gene expression can be inhibited by targeting nucleotide 
25 sequences complementary to the regulatory region of a CARDIOTOX nucleic acid (e.g., the 
CARDIOTOX promoter and/or enhancers) to form triple helical structures that prevent 
transcription of the CARDIOTOX gene in target cells. See generally, Helene. (1991) Anticancer 
Drug Des. 6: 569-84; Helene. et aL (1992) Ann. N. Y. Acad Set 660:27-36; and Maher (1992) 
Bioassays 14: 807-15. 

30 In various embodiments, the nucleic acids of CARDIOTOX can be modified at the base 

moiety, sugar moiety or phosphate backbone to improve, e.g., the stability, hybridization, or 
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solubility of the molecule. For example, the deoxyribose phosphate backbone of the nucleic 
acids can be modified to generate peptide nucleic acids (see Hyrup et al. (1996) BioorgMed 
Chem 4: 5-23). As used herein, the terms "peptide nucleic acids" or "PNAs" refer to nucleic acid 
mimics, e.g., DNA mimics, in which the deoxyribose phosphate backbone is replaced by a 
5 pseudopeptide backbone and only the four natural nucleobases are retained. The neutral 

backbone of PNAs has been shown to allow for specific hybridization to DNA and RNA under 
conditions of low ionic strength. The synthesis of PNA oligomers can be performed using 
standard solid phase peptide synthesis protocols as described in Hyrup et al. (1996) above; 
Perry-O'Keefe et al. (1996) PNAS 93: 14670-675. 

10 PNAs of CARDIOTOX can be used in therapeutic and diagnostic applications. For 

example, PNAs can be used as antisense or antigene agents for sequence-specific modulation of 
gene expression by, e.g., inducing transcription or translation arrest or inhibiting replication. 
PNAs of CARDIOTOX can also be used, e.g., in the analysis of single base pair mutations in a 
gene by, e.g., PNA directed PCR clamping; as artificial restriction enzymes when used in 

15 combination with other enzymes, e.g., SI nucleases (Hyrup B. (1996) above); or as probes or 

primers for DNA sequence and hybridization (Hyrup et ah (1996), above; Perry-O'Keefe (1996), 
above). 

In another embodiment, PNAs of CARDIOTOX can be modified, e.g., to enhance their 
stability or cellular uptake, by attaching lipophilic or other helper groups to PNA, by the 

20 formation of PNA-DNA chimeras, or by the use of liposomes or other techniques of drug 

delivery known in the art. For example, PNA-DNA chimeras of CARDIOTOX can be generated 
that may combine the advantageous properties of PNA and DNA. Such chimeras allow DNA 
recognition enzymes, e.g., RNase H and DNA polymerases, to interact with the DNA portion 
while the PNA portion would provide high binding affinity and specificity. PNA-DNA chimeras 

25 can be linked using linkers of appropriate lengths selected in terms of base stacking, number of 
bonds between the nucleobases, and orientation (Hyrup (1996) above). The synthesis of 
PNA-DNA chimeras can be performed as described in Hyrup (1 996) above and Finn et al. 
(1996) Nucl Acids Res 24: 3357-63. For example, a DNA chain can be synthesized on a solid 
support using standard phosphoramidite coupling chemistry, and modified nucleoside analogs, 

30 e.g., 5-(4-methoxytri1yl)amino-5 , -deoxy-thymidine phosphoramidite, can be used between the 
PNA and the 5' end of DNA (Mag et al (1989) Nucl Acid Res 17: 5973-88). PNA monomers are 
then coupled in a stepwise manner to produce a chimeric molecule with a 5' PNA segment and a 
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3' DNA segment (Finn et aL (1996) above). Alternatively, chimeric molecules can be 
synthesized with a 5 f DNA segment and a 3' PNA segment. See, Petersen et aL (1975) Bioorg 
Med Chem Lett 5 : 1 1 19-1 1 124. 

In other embodiments, the oligonucleotide may include other appended groups such as 
5 peptides (e.g., for targeting host cell receptors in vivo), or agents facilitating transport across the 
cell membrane (see, e.g., Letsinger et aL, 1989, Proc. Natl. Acad. Set U.S.A. 86:6553-6556; 
Lemaitre et ah, 1987, Proc. Natl Acad ScL 84:648-652; PCT Publication No. W088/09810) or 
the blood-brain barrier (see, e.g., PCT Publication No. W089/10134). In addition, 
oligonucleotides can be modified with hybridization triggered cleavage agents (See, e.g., Krol et 
10 aL, 1988, BioTechniques 6:958-976) or intercalating agents* (See, e.g., Zon, 1988, Pharm. Res. 
5: 539-549). To this end, the oligonucleotide may be conjugated to another molecule, e.g., a 
peptide, a hybridization triggered cross-linking agent, a transport agent, a hybridization-triggered 
cleavage agent, etc. 

CARDIOTOX POLYPEPTIDES 

1 5 One aspect of the invention pertains to isolated CARDIOTOX proteins, and biologically 

active portions thereof, or derivatives, fragments, analogs or homologs thereof. Also provided 
are polypeptide fragments suitable for use as immunogens to raise anti-CARDIOTOX antibodies. 
In one embodiment, native CARDIOTOX proteins can be isolated from cells or tissue sources by 
an appropriate purification scheme using standard protein purification techniques. In another 

20 embodiment, CARDIOTOX proteins are produced by recombinant DNA techniques. Alternative 
to recombinant expression, a CARDIOTOX protein or polypeptide can be synthesized 
chemically using standard peptide synthesis techniques. 

An "isolated" or "purified" protein or biologically active portion thereof is substantially 
free of cellular material or other contaminating proteins from the cell or tissue source from which 

25 the CARDIOTOX protein is derived, or substantially free from chemical precursors or other 
chemicals when chemically synthesized. The language "substantially free of cellular material" 
includes preparations of CARDIOTOX protein in which the protein is separated from cellular 
components of the cells from which it is isolated or recombinantly produced. In one 
embodiment, the language "substantially free of cellular material" includes preparations of 

30 CARDIOTOX protein having less than about 30% (by dry weight) of non-CARDIOTOX protein 
(also referred to herein as a "contaminating protein"), more preferably less than about 20% of 
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non-CARDIOTOX protein, still more preferably less than about 1 0% of non-CARDIOTOX 
protein, and most preferably less than about 5% non-CARDIOTOX protein. When the 
CARDIOTOX protein or biologically active portion thereof is recombinantly produced, it is also 
preferably substantially free of culture medium, i.e., culture medium represents less than about 
5 20%, more preferably less than about 10%, and most preferably less than about 5% of the 
volume of the protein preparation. 

The language "substantially free of chemical precursors or other chemicals" includes 
preparations of CARDIOTOX protein in which the protein is separated from chemical precursors 
or other chemicals that are involved in the synthesis of the protein. In one embodiment, the 

10 language "substantially free of chemical precursors or other chemicals" includes preparations of 
CARDIOTOX protein having less than about 30% (by dry weight) of chemical precursors or 
non-CARDIOTOX chemicals, more preferably less than about 20% chemical precursors or 
non-CARDIOTOX chemicals, still more preferably less than about 10% chemical precursors or 
non-CARDIOTOX chemicals, and most preferably less than about 5% chemical precursors or 

15 non-CARDIOTOX chemicals. 

Biologically active portions of a CARDIOTOX protein include peptides comprising 
amino acid sequences sufficiently homologous to or derived from the amino acid sequence of the 
CARDIOTOX protein, e.g., the amino acid sequence encoded by a nucleic acid comprising 
CARDIOTOX 1-20 that include fewer amino acids than the full length CARDIOTOX proteins, 
20 and exhibit at least one activity of a CARDIOTOX protein. Typically, biologically active 

portions comprise a domain or motif with at least one activity of the CARDIOTOX protein. A 
biologically active portion of a CARDIOTOX protein can be a polypeptide which is, for 
example, 10, 25, 50, 100 or more amino acids in length. 

A biologically active portion of a CARDIOTOX protein of the present invention may 
25 contain at least one of the above-identified domains conserved between the CARDIOTOX 

proteins. An alternative biologically active portion of a CARDIOTOX protein may contain at 
least two of the above-identified domains. Another biologically active portion of a 
CARDIOTOX protein may contain at least three of the above-identified domains. Yet another 
biologically active portion of a CARDIOTOX protein of the present invention may contain at 
30 least four of the above-identified domains. 
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Moreover, other biologically active portions, in which other regions of the protein are 
deleted, can be prepared by recombinant techniques and evaluated for one or more of the 
functional activities of a native CARDIOTOX protein. 

In some embodiments, the CARDIOTOX protein is substantially homologous to one of 
5 these CARDIOTOX proteins and retains its the functional activity, yet differs in amino acid 
sequence due to natural allelic variation or mutagenesis, as described in detail below. 

In specific embodiments, the invention includes an isolated polypeptide comprising an 
amino acid sequence that is 80% or more identical to the sequence of a polypeptide whose 
expression is modulated in a mammal to which cardiotoxic agent is administered. 

1 0 Determining homology between two or more sequences 

To determine the percent homology of two amino acid sequences or of two nucleic acid s, 
the sequences are aligned for optimal comparison purposes {e.g., gaps can be introduced in the 
sequence of a first amino acid or nucleic acid sequence for optimal alignment with a second 
amino or nucleic acid sequence). The amino acid residues or nucleotides at corresponding amino 
15 acid positions or nucleotide positions are then compared. When a position in the first sequence is 
occupied by the same amino acid residue or nucleotide as the corresponding position in the 
second sequence, then the molecules are homologous at that position (/.e., as used herein amino 
acid or nucleic acid "homology" is equivalent to amino acid or nucleic acid "identity"). 

The nucleic acid sequence homology may be determined as the degree of identity 
20 between two sequences. The homology may be determined using computer programs known in 
the art, such as GAP software provided in the GCG program package. See Needleman and 
Wunsch 1970 JMol Biol 48: 443-453. Using GCG GAP software with the following settings for 
nucleic acid sequence comparison: GAP creation penalty of 5.0 and GAP extension penalty of 
0.3, the coding region of the analogous nucleic acid sequences referred to above exhibits a degree 
25 of identity preferably of at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%, with the CDS 
(encoding) part of a DNA sequence comprising CARDIOTOX: :l-7, 10-13, 19-34, 45-53, 58-85, 
111-113, 120, 130, 132-134 and 138. 

The term "sequence identity" refers to the degree to which two polynucleotide or 
polypeptide sequences are identical on a residue-by-residue basis over a particular region of - 
30 comparison. The term "percentage of sequence identity" is calculated by comparing two 
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optimally aligned sequences over that region of comparison, deteimining the number of positions 
at which the identical nucleic acid base (e.g., A, T, C, G ? U, or I, in the case of nucleic acids) 
occurs in both sequences to yield the number of matched positions, dividing the number of 
matched positions by the total number of positions in the region of comparison (i.e., the window 
5 size), and multiplying the result by 100 to yield the percentage of sequence identity. The term 
"substantial identity" as used herein denotes a characteristic of a polynucleotide sequence, 
wherein the polynucleotide comprises a sequence that has at least 80 percent sequence identity, 
preferably at least 85 percent identity and often 90 to 95 percent sequence identity, more usually 
at least 99 percent sequence identity as compared to a reference sequence over a comparison 
10 region. 

Chimeric and fusion proteins 

The invention also provides CARDIOTOX chimeric or fusion proteins. As used herein, 
an CARDIOTOX "chimeric protein" or "fusion protein" comprises an CARDIOTOX 
polypeptide operatively linked to a non-CARDIOTOX polypeptide. A "CARDIOTOX 

15 polypeptide" refers to a polypeptide having an amino acid sequence corresponding to 

CARDIOTOX, whereas a "non-CARDIOTOX polypeptide" refers to a polypeptide having an 
amino acid sequence corresponding to a protein that is not substantially homologous to the 
CARDIOTOX protein, e.g., a protein that is different from the CARDIOTOX protein and that is 
derived from the same or a different organism. Within an CARDIOTOX fusion protein the 

20 CARDIOTOX polypeptide can correspond to all or a portion of an CARDIOTOX protein. In 
one embodiment, an CARDIOTOX fusion protein comprises at least one biologically active 
portion of an CARDIOTOX protein. In another embodiment, an CARDIOTOX fusion protein 
comprises at least two biologically active portions of an CARDIOTOX protein. In yet another 
embodiment, an CARDIOTOX fusion protein comprises at least three biologically active 

25 portions of an CARDIOTOX protein. Within the fusion protein, the term "operatively linked" is 
intended to indicate that the CARDIOTOX polypeptide and the non-CARDIOTOX polypeptide 
are fused in-frame to each other. The non-CARDIOTOX polypeptide can be fused to the 
N-terminus or C-tenninus of the CARDIOTOX polypeptide. 

For example, in one embodiment an CARDIOTOX fusion protein comprises an 
30 CARDIOTOX domain operably linked to the extracellular domain of a second protein. Such 
fusion proteins can be further utilized in screening assays for compounds which modulate 
CARDIOTOX activity (such assays are described in detail below). 
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In yet another embodiment, the fusion protein is a GST-CARDIOTOX fusion protein in 
which the CARDIOTOX sequences are fused to the C-terminus of the GST (/.<?., glutathione 
S-transferase) sequences. Such fusion proteins can facilitate the purification of recombinant 
CARDIOTOX. 

5 In another embodiment, the fusion protein is an CARDIOTOX protein containing a 

heterologous signal sequence at its N-terminus. For example, a native CARDIOTOX signal 
sequence can be removed and replaced with a signal sequence from another protein. In certain 
host cells (e.g., mammalian host cells), expression and/or secretion of CARDIOTOX can be 
increased through use of a heterologous signal sequence. 

10 In yet another embodiment, the fusion protein is an CARDIOTOX-immunoglobulin 

fusion protein in which the CARDIOTOX sequences comprising one or more domains are fused 
to sequences derived from a member of the immunoglobulin protein family. The 
CARDIOTOX-immunoglobulin fusion proteins of the invention can be incorporated into 
pharmaceutical compositions and administered to a subject to inhibit an interaction between a 

15 CARDIOTOX ligand and a CARDIOTOX protein on the surface of a cell, to thereby suppress 
CARDIOTOX-mediated signal transduction in vivo. The CARDIOTOX-immunoglobulin fusion 
proteins can be used to affect the bioavailability of an CARDIOTOX cognate ligand. Inhibition 
of the CARDIOTOX ligand/CARDIOTOX interaction may be useful therapeutically for both the 
treatments of proliferative and differentiative disorders, as well as modulating (e.g. promoting or 

20 inhibiting) cell survival. Moreover, the CARDIOTOX-immxmoglobulin fusion proteins of the 
invention can be used as immunogens to produce anti-CARDIOTOX antibodies in a subject, to 
purify CARDIOTOX ligands, and in screening assays to identify molecules that inhibit the 
interaction of CARDIOTOX with a CARDIOTOX ligand. 

An CARDIOTOX chimeric or fusion protein of the invention can be produced by 
25 standard recombinant DNA techniques. For example, DNA fragments coding for the different 
polypeptide sequences are ligated together in-frame in accordance with conventional techniques, 
e.g., by employing blunt-ended or stagger-ended termini for ligation, restriction enzyme 
digestion to provide for appropriate termini, filling-in of cohesive ends as appropriate, alkaline 
phosphatase treatment to avoid undesirable joining, and enzymatic ligation. In another 
30 embodiment, the fusion gene can be synthesized by conventional techniques including automated 
DNA synthesizers. Alternatively, PGR amplification of gene fragments can be carried out using 
anchor primers that give rise to complementary overhangs between two consecutive gene 
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fragments that can subsequently be annealed and reamplified to generate a chimeric gene 
sequence (see, for example, Ausubel et ah (eds.) Current Protocols in Molecular Biology, 
John Wiley & Sons, 1992). Moreover, many expression vectors are commercially available that 
already encode a fusion moiety (e.g., a GST polypeptide). An CARDIOTOX-encoding nucleic 
5 acid can be cloned into such an expression vector such that the fusion moiety is linked in-frame 
to the C ARDIOTOX protein. 

CARDIOTOX AGONISTS AND ANTAGONISTS 

The present invention also pertains to variants of the CARDIOTOX proteins that function 
as either CARDIOTOX agonists (mimetics) or as CARDIOTOX antagonists. Variants of the 

1 0 CARDIOTOX protein can be generated by mutagenesis, e.g., discrete point mutation or 

truncation of the CARDIOTOX protein. An agonist of the CARDIOTOX protein can retain 
substantially the same, or a subset of, the biological activities of the naturally occurring form of 
the CARDIOTOX protein. An antagonist of the CARDIOTOX protein can inhibit one or more 
of the activities of the naturally occurring form of the CARDIOTOX protein by, for example, 

15 competitively binding to a downstream or upstream member of a cellular signaling cascade 
which includes the CARDIOTOX protein. Thus, specific biological effects can be elicited by 
treatment with a variant of limited function. In one embodiment, treatment of a subject with a 
variant having a subset of the biological activities of the naturally occurring form of the protein 
has fewer side effects in a subject relative to treatment with the naturally occurring form of the 

20 CARDIOTOX proteins. 

Variants of the CARDIOTOX protein that function as either CARDIOTOX agonists 
(mimetics) or as CARDIOTOX antagonists can be identified by screening combinatorial libraries 
of mutants, e.g., truncation mutants, of the CARDIOTOX protein for CARDIOTOX protein 
agonist or antagonist activity. In one embodiment, a variegated library of CARDIOTOX variants 

25 is generated by combinatorial mutagenesis at the nucleic acid level and is encoded by a 

variegated gene library. A variegated library of CARDIOTOX variants can be produced by, for 
example, enzymatically ligating a mixture of synthetic oligonucleotides into gene sequences such 
that a degenerate set of potential CARDIOTOX sequences is expressible as individual 
polypeptides, or alternatively, as a set of larger fusion proteins (e.g., for phage display) 

30 containing the set of CARDIOTOX sequences therein. There are a variety of methods which can 
be used to produce libraries of potential CARDIOTOX variants from a degenerate 
oligonucleotide sequence. Chemical synthesis of a degenerate gene sequence can be performed 
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in an automatic DNA synthesizer, and the synthetic gene then ligated into an appropriate 
expression vector. Use of a degenerate set of genes allows for the provision, in one mixture, of 
all of the sequences encoding the desired set of potential CARDIOTOX sequences. Methods for 
synthesizing degenerate oligonucleotides are known in the art (see, e.g., Narang (1983) 
5 Tetrahedron 39:3; Itakura et al (1984) Annu Rev Biochem 53:323; Itakura et al (1984) Science 
198:1056; Ike et al (1983) Nucl Acid Res 11:477. 

Polypeptide libraries 

In addition, libraries of fragments of the CARDIOTOX protein coding sequence can be 
used to generate a variegated population of CARDIOTOX fragments for screening and 

10 subsequent selection of variants of an CARDIOTOX protein. In one embodiment, a library of 
coding sequence fragments can be generated by treating a double stranded PCR fragment of a 
CARDIOTOX coding sequence with a nuclease under conditions wherein nicking occurs only 
about once per molecule, denaturing the double stranded DNA, renaturing the DNA to form 
double stranded DNA that can include sense/antisense pairs from different nicked products, 

1 5 removing single stranded portions from reformed duplexes by treatment with S 1 nuclease, and 
ligating the resulting fragment library into an expression vector. By this method, an expression 
library can be derived which encodes N-tenninal and internal fragments of various sizes of the 
CARDIOTOX protein. 

Several techniques are known in the art for screening gene products of combinatorial 
20 libraries made by point mutations or truncation, and for screening cDNA libraries for gene 
products having a selected property. Such techniques are adaptable for rapid screening of the 
gene libraries generated by the combinatorial mutagenesis of CARDIOTOX proteins. The most 
widely used techniques, which are amenable to high throughput analysis, for screening large 
gene libraries typically include cloning the gene library into replicable expression vectors, 
25 transforming appropriate cells with the resulting library of vectors, and expressing the 

combinatorial genes under conditions in which detection of a desired activity facilitates isolation 
of the vector encoding the gene whose product was detected. Recursive ensemble mutagenesis 
(REM), a new technique that enhances the frequency of functional mutants in the libraries, can 
be used in combination with the screening assays to identify CARDIOTOX variants (Arkin and 
30 Yourvan (1992) PNAS 89:781 1-7815; Delgrave et al (1993) Protein Engineering 6:327-33 1). 
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Anti-CARDIOTOX antibodies 

An isolated CARDIOTOX protein, or a portion or fragment thereof, can be used as an 
immunogen to generate antibodies that bind CARDIOTOX using standard techniques for 
polyclonal and monoclonal antibody preparation. The full-length CARDIOTOX protein can be 
5 used or, alternatively, the invention provides antigenic peptide fragments of CARDIOTOX for 
use as immunogens. The antigenic peptide of CARDIOTOX comprises at least 8 amino acid 
residues of the amino acid sequence encoded by a nucleic acid comprising the nucleic acid 
sequence shown in CARDIOTOX: 1-7, 10-13, 19-34, 45-53,58-85, 111-113, 120, 130, 132-134 
and 138 and encompasses an epitope of CARDIOTOX such that an antibody raised against the 

1 0 peptide forms a specific immune complex with CARDIOTOX. Preferably, the antigenic peptide 
comprises at least 10 amino acid residues, more preferably at least 15 amino acid residues, even 
more preferably at least 20 amino acid residues, and most preferably at least 30 amino acid 
residues. Preferred epitopes encompassed by the antigenic peptide are regions of CARDIOTOX 
that are located on the surface of the protein, e.g., hydrophilic regions. As a means for targeting 

1 5 antibody production, hydropathy plots showing regions of hydrophilicity and hydrophobicity 
may be generated by any method well known in the art, including, for example, the Kyte 
Doolittle or the Hopp Woods methods, either with or without Fourier transformation. See, e.g., 
Hopp and Woods, 1981, Proa Nat. Acad. ScL USA 78: 3824-3828; Kyte and Doolittle 1982, J. 
MoL BioL 157: 105-142, each incorporated herein by reference in their entirety. 

20 CARDIOTOX polypeptides or derivatives, fragments, analogs or homologs thereof, may 

be utilized as immunogens in the generation of antibodies that immunospecifically-bind these 
protein components. The term "antibody 11 as used herein refers to immunoglobulin molecules 
and immunologically active portions of immunoglobulin molecules, i.e., molecules that contain 
an antigen binding site that specifically binds (immunoreacts with) an antigen. Such antibodies 

25 include, but are not limited to, polyclonal, monoclonal, chimeric, single chain, F ab and F (ay)2 

fragments, and an F ab expression library. Various procedures known within the art may be used 
for the production of polyclonal or monoclonal antibodies to an CARDIOTOX protein sequence, 
or derivatives, fragments, analogs or homologs thereof Some of these proteins are discussed 
below. 

30 For the production of polyclonal antibodies, various suitable host animals (e.g., rabbit, 

goat, mouse or other mammal) may be immunized by injection with the native protein, or a 
synthetic variant thereof, or a derivative of the foregoing. An appropriate immunogenic 
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preparation can contain, for example, recombinantly expressed CARDIOTOX protein or a 
chemically synthesized CARDIOTOX polypeptide. The preparation can further include an 
adjuvant. Various adjuvants used to increase the immunological response include, but are not 
limited to, Freund's (complete and incomplete), mineral gels {e.g., aluminum hydroxide), surface 
5 active substances (e.g., lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, 
dinitrophenol, etc.), human adjuvants such as Bacille Calmette-Guerin and Corynebacterium 
parvum, or similar immunostimulatory agents. If desired, the antibody molecules directed 
against CARDIOTOX can be isolated from the mammal (e.g., from the blood) and further 
purified by well known techniques, such as protein A chromatography to obtain the IgG fraction. 

1 0 The term "monoclonal antibody" or "monoclonal antibody composition", as used herein, 

refers to a population of antibody molecules that contain only one species of an antigen binding 
site capable of immunoreacting with a particular epitope of 
antibody composition thus typically displays a single binding affinity for a particular 
CARDIOTOX protein with which it immunoreacts. For preparation of monoclonal antibodies 

15 directed towards a particular CARDIOTOX protein, or derivatives, fragments, analogs or 
homologs thereof, any technique that provides for the production of antibody molecules by 
continuous cell line culture may be utilized. Such techniques include, but are not limited to, the 
hybridoma technique (see Kohler & Milstein, 1975 Nature 256: 495-497); the trioma technique; 
the human B-cell hybridoma technique (see Kozbor, et al, 1983 Immunol Today 4: 72) and the 

20 EBV hybridoma technique to produce human monoclonal antibodies (see Cole, et al, 1985 In: 
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Human 
monoclonal antibodies may be utilized in the practice of the present invention and may be 
produced by using human hybridomas (see Cote, et al, 1983. Proc Natl Acad Sci USA 80: 
2026-2030) or by transforming human B-cells with Epstein Barr Virus in vitro (see Cole, et al, 

25 1 985 In: MONOCLONAL ANTIBODIES AND Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 

According to the invention, techniques can be adapted for the production of single-chain 
antibodies specific to a CARDIOTOX protein (see e.g., U.S. Patent No. 4,946,778). In addition, 
methods can be adapted for the construction of F ab expression libraries (see e.g., Huse, et al, 
1989 Science 246: 1275-1281) to allow rapid and effective identification of monoclonal F ab 
30 fragments with the desired specificity for a CARDIOTOX protein or derivatives, fragments, 
analogs or homologs thereof. Non-human antibodies can be "humanized" by techniques well 
known in the art. See e.g., U.S. Patent No. 5,225,539. Antibody fragments that contain the 
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idiotypes to a CARDIOTOX protein may be produced by techniques known in the art including, 
but not limited to: (z) an F (ab ^ fragment produced by pepsin digestion of an antibody molecule; 
(if) an fragment generated by reducing the disulfide bridges of an F (ab72 fragment; (Hi) an F^ 
fragment generated by the treatment of the antibody molecule with papain and a reducing agent 
5 and (n>) F v fragments. 

Additionally, recombinant anti-CARDIOTOX antibodies, such as chimeric and 
humanized monoclonal antibodies, comprising both human and non-human portions, which can 
be made using standard recombinant DNA techniques, are within the scope of the invention. 
Such chimeric and humanized monoclonal antibodies can be produced by recombinant DNA 

1 0 techniques known in the art, for example using methods described in PCT International 

Application No. PCT/US86/02269; European Patent Application No. 1 84, 1 87; European Patent 
Application No. 171,496; European Patent Application No. 173,494; PCT International 
Publication No. WO 86/01533; U.S. Pat. No. 4,816,567; European Patent Application No. 
125,023; Better et a 7.(1988) Science 240:1041-1043; Liu et ah (1987) PNAS 84:3439-3443; Liu 

15 etal (1987) J Immunol. 139:3521-3526; SxmetaL (1987)iW^84:214-218;Nishimurae^aZ. 
(1987) Cancer Res 47:999-1005; Wood et al (1985) Nature 3 14:446-449; Shaw et al (1988) J 
Natl Cancer Inst, 80:1553-1559); Morrison(1985) Science 229:1202-1207; Oi etal. (1986) 
BioTechniques 4:214; U.S. Pat. No. 5,225,539; Jones et al (1986) Nature 321 :552-525; 
Verhoeyan et ah (1988) Science 239:1534; and Beidler et al (1988) J Immunol 141:4053-4060. 

20 In one embodiment, methods for the screening of antibodies that possess the desired 

specificity include, but are not limited to, enzyme-linked immunosorbent assay (ELISA) and 
other immunologically-mediated techniques known within the art. In a specific embodiment, 
selection of antibodies that are specific to a particular domain of a CARDIOTOX protein is 
facilitated by generation of hybridomas that bind to the fragment of a CARDIOTOX protein 

25 possessing such a domain. Antibodies that are specific for one or more domains within a 
CARDIOTOX protein, e.g., domains spanning the above-identified conserved regions of 
CARDIOTOX family proteins, or derivatives, fragments, analogs or homologs thereof, are also 
provided herein. 

Anti-CARDIOTOX antibodies may be used in methods known within the art relating to 
30 the localization and/or quantitation of a CARDIOTOX protein (e.g., for use in measuring levels 
of the CARDIOTOX protein within appropriate physiological samples, for use in diagnostic 
methods, for use in imaging the protein, and the like). In a given embodiment, antibodies for 
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CARDIOTOX proteins, or derivatives, fragments, analogs or homologs thereof, that contain the 
antibody derived binding domain, are utilized as pharmacologically-active compounds 
[hereinafter "Therapeutics"]. 

An anti-CARDIOTOX antibody (e.g., monoclonal antibody) can be used to isolate 
5 CARDIOTOX by standard techniques, such as affinity chromatography or immunoprecipitation. 
An anti-CARDIOTOX antibody can facilitate the purification of natural CARDIOTOX from 
cells and of recombinantly produced CARDIOTOX expressed in host cells. Moreover, an 
anti-CARDIOTOX antibody can be used to detect CARDIOTOX protein {e.g., in a cellular 
lysate or cell supernatant) in order to evaluate the abundance and pattern of expression of the 

1 0 CARDIOTOX protein. Anti-CARDIOTOX antibodies can be used diagnostically to monitor 
protein levels in tissue as part of a clinical testing procedure, e.g., to, for example, determine the 
efficacy of a given treatment regimen. Detection can be facilitated by coupling (i.e., physically 
linking) the antibody to a detectable substance. Examples of detectable substances include 
various enzymes, prosthetic groups, fluorescent materials, luminescent materials, bioluminescent 

15 materials, and radioactive materials. Examples of suitable enzymes include horseradish 

peroxidase, alkaline phosphatase, -galactosidase, or acetylcholinesterase; examples of suitable 
prosthetic group complexes include streptavidin/biotin and avidin/biotin; examples of suitable 
fluorescent materials include umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, 
dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a 

20 luminescent material includes luminol; examples of bioluminescent materials include luciferase,. 
luciferin, and aequorin, and examples of suitable radioactive material include l25 I, l3l I, 35 S or 3 H. 

CARDIOTOX RECOMBINANT EXPRESSION VECTORS AND HOST CELLS 

Another aspect of the invention pertains to vectors, preferably expression vectors, 
containing a nucleic acid encoding CARDIOTOX protein, or derivatives, fragments, analogs or 

25 homologs thereof. As used herein, the term "vector" refers to a nucleic acid molecule capable of 
transporting another nucleic acid to which it has been linked. One type of vector is a "plasmid", 
which refers to a linear or circular double stranded DNA loop into which additional DNA 
segments can be ligated. Another type of vector is a viral vector, wherein additional DNA 
segments can be ligated into the viral genome. Certain vectors are capable of autonomous 

30 replication in a host cell into which they are introduced (e.g., bacterial vectors having a bacterial 
origin of replication and episomal mammalian vectors). Other vectors (e.g., non-episomal 
mammalian vectors) are integrated into the genome of a host cell upon introduction into the host 
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cell, and thereby are replicated along with the host genome. Moreover, certain vectors are 
capable of directing the expression of genes to which they are operatively linked. Such vectors 
are referred to herein as "expression vectors". In general, expression vectors of utility in 
recombinant DNA techniques are often in the form of plasmids. In the present specification, 
5 "plasmid" and "vector" can be used interchangeably as the plasmid is the most commonly used 
form of vector. However, the invention is intended to include such other forms of expression 
vectors, such as viral vectors (e.g., replication defective retroviruses, adenoviruses and 
adeno-associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of the 

1 0 invention in a form suitable for expression of the nucleic acid in a host cell, which means that the 
recombinant expression vectors include one or more regulatory sequences, selected on the basis 
of the host cells to be used for expression, that is operatively linked to the nucleic acid sequence 
to be expressed. Within a recombinant expression vector, "operably linked" is intended to mean 
that the nucleotide sequence of interest is linked to the regulatory sequence(s) in a maimer that 

1 5 allows for expression of the nucleotide sequence (e.g., in an in vitro transcription/translation 
system or in a host cell when the vector is introduced into the host cell). The term "regulatory 
sequence" is intended to includes promoters, enhancers and other expression control elements 
(e.g., polyadenylation signals). Such regulatory sequences are described, for example, in 
Goeddel; Gene Expression Technology: Methods in Enzymology 185, Academic Press, 

20 San Diego, Calif. (1990). Regulatory sequences include those that direct constitutive expression 
of a nucleotide sequence in many types of host cell and those that direct expression of the 
nucleotide sequence only in certain host cells (e.g., tissue-specific regulatory sequences). It will 
be appreciated by those skilled in the art that the design of the expression vector can depend on 
such factors as the choice of the host cell to be transformed, the level of expression of protein 

25 desired, etc. The expression vectors of the invention can be introduced into host cells to thereby 
produce proteins or peptides, including fusion proteins or peptides, encoded by nucleic acids as 
described herein (e.g., CARDIOTOX proteins, mutant forms of CARDIOTOX, fusion proteins, 
etc.). 

The recombinant expression vectors of the invention can be designed for expression of 
30 CARDIOTOX in prokaryotic or eukaryotic cells. For example, CARDIOTOX can be expressed 
in bacterial cells such as E. coli, insect cells (using baculovirus expression vectors) yeast cells or 
mammalian cells. Suitable host cells are discussed further in Goeddel, Gene EXPRESSION 
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Technology: Methods in Enzymology 185, Academic Press* San Diego, Calif. (1990). 
Alternatively, the recombinant expression vector can be transcribed and translated in vitro, for 
example using T7 promoter regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out in E. coli with vectors 
5 containing constitutive or inducible promoters directing the expression of either fusion or 

non-fusion proteins. Fusion vectors add a number of amino acids to a protein encoded therein, 
usually to the amino terminus of the recombinant protein. Such fusion vectors typically serve 
three purposes: (!) to increase expression of recombinant protein; (2) to increase the solubility of 
the recombinant protein; and (3) to aid in the purification of the recombinant protein by acting as 
10 a ligand in affinity purification. Often, in fusion expression vectors, a proteolytic cleavage site is 
introduced at the junction of the fusion moiety and the recombinant protein to enable separation 



protein. Such enzymes, and their cognate recognition sequences, include Factor Xa, thrombin 
and enterokinase. Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; 
15 Smith and Johnson (1988) Gene 67:3 1-40), pMAL (New England Biolabs, Beverly, Mass.) and 
pRIT5 (Pharmacia, Piscataway, N. J.) that fuse glutathione S-transferase (GST), maltose E 
binding protein, or protein A, respectively, to the target recombinant protein. 



(Amrann et al. 9 (1988) Gene 69:301-315) andpET lid (Studier et ah, Gene Expression 
20 Technology: Methods in Enzymology 1 85, Academic Press, San Diego, Calif (1990) 
60-89). " . ' 

One strategy to maximize recombinant protein expression in JEL coli is to express the 
protein in a host bacteria with an impaired capacity to proteolytically cleave the recombinant 

protein. See, Gottesman, Gene Expression Technology: Methods in Enzymology 185, 

25 Academic Press, San Diego, Calif. (1990) 1 19-128. Another strategy is to alter the nucleic acid 
sequence of the nucleic acid to be inserted into an expression vector so that the individual codons 
for each amino acid are those preferentially utilized in E. coli (Wada et aL, (1992) Nucleic Acids 
Res, 20:211:1-7, 10-13, 19-34,45-53, 58-85, 111-113, 120, 130, 132-134 and 13518). Such 
alteration of nucleic acid sequences of the invention can be carried out by standard DNA 

30 synthesis techniques. 




protein from the fusion moiety subsequent to purification of the fusion 



Examples of suitable inducible non-fusion E. coli expression vectors include pTrc 
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In another embodiment, the CARDIOTOX expression vector is a yeast expression vector. 
Examples of vectors for expression in yeast S. cerevisiae include pYepSecl (Baldari, et ah, 
(1987) EMBO J 6:229-234), pMFa (Kurjan and Herskowitz, (1 982) Cell 30:933-943), pJRY88 
(Schultz et ah, (1987) Gene 54:1 13-123), pYES2 (Invitrogen Corporation, San Diego, Calif.), 
5 and picZ (InVitrogen Corp, San Diego, Calif.). 

Alternatively, CARDIOTOX can be expressed in insect cells using baculovirus 
expression vectors. Baculovirus vectors available for expression of proteins in cultured insect 
cells (e.g., SF9 cells) include the pAc series (Smith et ah (1983) Mo! Cell Biol 3:2156-2165) and 
the pVL series (Lucklow and Summers (1989) Virology 170:31-39). 

10. In yet another embodiment, a nucleic acid of the invention is expressed in mammalian 

cells using a mammalian expression vector. Examples of mammalian expression vectors include 
pCDM8 (Seed (1987) Nature 329:840) and pMT2PC (Kaufman et ah (1987) EMBO J 
6: 1 87-195). When used in mammalian cells, the expression vector's control functions are often 
provided by viral regulatory elements. For example, commonly used promoters are derived from 

15 polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 40. For other suitable expression 
systems for both prokaryotic and eukaryotic cells. See, e.g., Chapters 16 and 17 of Sambrook et 
ah, Molecular Cloning: A Laboratory Manual. 2nd ed., Cold Spring Harbor Laboratory, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989. 

In another embodiment, the recombinant mammalian expression vector is capable of 
20 directing expression of the nucleic acid preferentially in a particular cell type {e.g., tissue-specific 
regulatory elements are used to express the nucleic acid). Tissue-specific regulatory elements are 
known in the art. Non-limiting examples of suitable tissue-specific promoters include the 
albumin promoter (liver-specific; Pinkert et ah (1987) Genes Dev 1 :268-277), lymphoid-specific 
promoters (Calame and Eaton (1988) Adv Immunol 43:235-275), in particular promoters of T cell 
25 receptors (Winoto and Baltimore (1 989) EMBO J 8:729-733) and immunoglobulins (Banerji et 
ah (1983) Cell 33:729-740; Queen and Baltimore (1983) Cell 33:741-748), neuron-specific 
promoters (e.g., the neurofilament promoter; Byrne and Ruddle (1989) PNAS 86:5473-5477), 
pancreas-specific promoters (Edlund et ah (1985) Science 230:912-916), and mammary 
gland-specific promoters (e.g., milk whey promoter; U.S. Pat. No, 4,873,3 1 6 and European 
30 Application Publication No. 264, 1 66). Developmentally-regulated promoters are also 

encompassed, e.g., the murine hox promoters (Kessel and Gruss (1990) Science 249:374-379) 
and the a-fetoprotein promoter (Campes and Tilghman (1989) Genes Dev 3:537-546). 
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The invention further provides a recombinant expression vector comprising a DNA 
molecule of the invention cloned into the expression vector in an antisense orientation. That is, 
the DNA molecule is operatively linked to a regulatory sequence in a manner that allows for 
expression (by transcription of the DNA molecule) of an RNA molecule that is antisense to 
5 . CARDIOTOX mRNA. Regulatory sequences operatively linked to a nucleic acid cloned in the 
antisense orientation can be chosen that direct the continuous expression of the antisense RNA 
molecule in a variety of cell types, for instance viral promoters and/or enhancers, or regulatory 
sequences can be chosen that direct constitutive, tissue specific or cell type specific expression of 
antisense RNA. The antisense expression vector can be in the form of a recombinant plasmid, 
10 phagemid or attenuated virus in which antisense nucleic acids are produced under the control of a 
high efficiency regulatory region, the activity of which can be determined by the cell type into 
which the vector is introduced. For a discussion of the regulation of gene expression using 
antisense genes see Weintraub et aL, "Antisense RNA as a molecular tool for genetic analysis," 
Reviews— Trends in Genetics, Vol. 1(1) 1986. 

15 Another aspect of the invention pertains to host cells into which a recombinant expression 

vector of the invention has been introduced. The terms "host cell" and "recombinant host cell" 
are used interchangeably herein. It is understood that such terms refer not only to the particular 
subject cell but also to the progeny or potential progeny of such a cell. Because certain 
modifications may occur in succeeding generations due to either mutation or environmental 

20 influences, such progeny may not, in fact, be identical to the parent cell, but are still included 
within the scope of the term as used herein. 

A host cell can be any prokaryotic or eukaryotic cell. For example, CARDIOTOX 
protein can be expressed in bacterial cells such as E. coli, insect cells, yeast or mammalian cells 
(such as Chinese hamster ovary cells (CHO) or COS cells). Other suitable host cells are known 
25 to those skilled in the art. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via conventional 
transformation or transfection techniques. As used herein, the terms "transformation" and 
"transection" are intended to refer to a variety of art-recognized techniques for introducing 
foreign nucleic acid (e.g., DNA) into a host cell, including calcium phosphate or calcium 
30 chloride co-precipitation, DEAE-dextran-mediated transfection, lipofection, or electroporation. 
Suitable methods for transforming or transfecting host cells can be found in Sambrook, et aL 
(Molecular Cloning: A Laboratory Manual. 2nd ed., Cold Spring Harbor Laboratory, 
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Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N. Y., 1 989), and other laboratory 

* 

manuals. 



4- 



For stable transfection of mammalian cells, it is known that, depending upon the 
expression vector and transfection technique used, only a small fraction of cells may integrate the 
5 foreign DNA into their genome. In order to identify and select these integrants, a gene that 
encodes a selectable marker (e.g., resistance to antibiotics) is generally introduced into the host 
cells along with the gene of interest. Various selectable markers include those that confer 
resistance to drugs, such as G41 8, hygromycin and methotrexate. Nucleic acid encoding a 
selectable marker can be introduced into a host cell on the same vector as that encoding 
10 CARDIOTOX or can be introduced on a separate vector. Cells stably transfected with the 

introduced nucleic acid can be identified by drug selection (e.g., cells that have incorporated the 
selectable marker gene will survive, while the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in culture, can 
be used to produce (z.e., express) an CARDIOTOX protein. Accordingly, the invention further 
1 5 provides methods for producing CARDIOTOX protein using the host cells of the invention. In 
one embodiment, the method comprises culturing the host cell of invention (into which a 
recombinant expression vector encoding CARDIOTOX has been introduced) in a suitable 
medium such that CARDIOTOX protein is produced. In another embodiment, the method 
further comprises isolating CARDIOTOX from the medium or the host cell. 

20 Pharmaceutical Compositions 

The CARDIOTOX nucleic acid molecules, CARDIOTOX proteins, and 

t 

anti-CARDIOTOX antibodies (also referred to herein as "active compounds") of the invention, 
and derivatives, fragments, analogs and homologs thereof, can be incorporated into 
pharmaceutical compositions suitable for administration. Such compositions typically comprise 

25 the nucleic acid molecule, protein, or antibody and a pharmaceutically acceptable carrier. As 
used herein, "pharmaceutically acceptable carrier" is intended to include any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying 
agents, and the like, compatible with pharmaceutical administration. Suitable carriers are 
described in the most recent edition of Remington's Pharmaceutical Sciences, a standard 

30 reference text in the field, which is incorporated herein by reference. Preferred examples of such 
carriers or diluents include, but are not limited to, water, saline, finger's solutions, dextrose 
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solution, and 5% human serum albumin. Liposomes and non-aqueous vehicles such as fixed oils 
may also be used. The use of such media and agents for pharmaceutical^ active substances is 
well known in the art. Except insofar as any conventional media or agent is incompatible with 
the active compound, use thereof in the compositions is contemplated. Supplementary active 
5 compounds can also be incorporated into the compositions. 

A pharmaceutical composition of the invention is formulated to be compatible with its 
intended route of administration. Examples of routes of administration include parenteral, e.g., 
intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal (topical), 
transmucosal, and rectal administration. Solutions or suspensions used for parenteral, 

10 intradermal, or subcutaneous application can include the following components: a sterile diluent 
such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene 
glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl parabens; 
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as 
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates, and agents for 

1 5 the adjustment of tonicity such as sodium chloride or dextrose. The pH can be adjusted with 

acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be 
enclosed in ampoules, disposable syringes or multiple dose vials made of glass or plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions 
(where water soluble) or dispersions and sterile powders for the extemporaneous preparation of 

20 sterile injectable solutions or dispersion. For intravenous administration, suitable carriers include 
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J.) or 
phosphate buffered saline (PBS). In all cases, the composition must be sterile and should be fluid 
to the extent that easy syringeability exists. It must be stable under the conditions of manufacture 
and storage and must be preserved against the contaminating action of microorganisms such as 

25 bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for example, 
water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, 
and the like), and suitable mixtures thereof. The proper fluidity can be maintained, for example, 
by the use of a coating such as lecithin, by the maintenance of the required particle size in the 
case of dispersion and by the use of surfactants. Prevention of the action of microorganisms can 

30 be achieved by various antibacterial and antifungal agents, for example, parabens, chlorobutanol, 
phenol, ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include 
isotonic agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodium chloride in 
the composition. Prolonged absorption of the injectable compositions can be brought about by 
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including in the composition an agent which delays absorption, for example, aluminum 
monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active compound (e.g., a 
C ARDIOTOX protein or anti-CARDIOTOX antibody) in the required amount in an appropriate 
5 solvent with one or a combination of ingredients enumerated above, as required, followed by 
filtered sterilization. Generally, dispersions are prepared by incorporating the active compound 
into a sterile vehicle that contains a basic dispersion medium and the required other ingredients 
from those enumerated above. In the case of sterile powders for the preparation of sterile 
injectable solutions, methods of preparation are vacuum drying and freeze-drying that yields a 
10 powder of the active ingredient plus any additional desired ingredient from a previously 
sterile-filtered solution thereof. 

Oral compositions generally include an inert diluent or an edible carrier. They can be 
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic 
administration, the active compound can be incorporated with excipients and used in the form of 

15 tablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier for use 
as a mouthwash, wherein the compound in the fluid carrier is applied orally and swished and 
expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant 
materials can be included as part of the composition. The tablets, pills, capsules, troches and the 
like can contain any of the following ingredients, or compounds of a similar nature: a binder such 

20 as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose, a 
disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as magnesium 
stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such as 
sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange 
flavoring. 

25 For administration by inhalation, the compounds are delivered in the form of an aerosol 

spray from pressured container or dispenser which contains a suitable propellant, e.g., a gas such 
as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means. For 
transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated 
30 are used in the formulation. Such penetrants are generally known in the art, and include, for 
example, for transmucosal administration, detergents, bile salts, and fiisidic acid derivatives. 
Transmucosal adininistration can be accomplished through the use of nasal sprays or 
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suppositories. For transdermal administration, the active compounds are formulated into 
ointments, salves, gels, or creams as generally known in the art. 

The compounds can also be prepared in the form of suppositories {e.g., with conventional 
suppository bases such as cocoa butter and other glycerides) or retention enemas for rectal delivery. 

5 In one embodiment, the active compounds are prepared with carriers that will protect the 

compound against rapid elimination from the body, such as a controlled release formulation, 
including implants and microencapsulated delivery systems. Biodegradable, biocompatible 
polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, 
collagen, polyorthoesters, and polylactic acid. Methods for preparation of such formulations will 
10 be apparent to those skilled in the art. The materials can also be obtained commercially from 
Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes 
targeted to infected cells with monoclonal antibodies to viral antigens) can also be used as 
pharmaceutically acceptable carriers. These can be prepared according to methods known to 
those skilled in the art, for example, as described in U.S. Pat. No. 4,522,81 1. 

15 It is especially advantageous to formulate oral or parenteral compositions in dosage unit 

form for ease of administration and uniformity of dosage. Dosage unit form as used herein refers 
to physically discrete units suited as unitary dosages for the subject to be treated; each unit 
containing a predetermined quantity of active compound calculated to produce the desired 
therapeutic effect in association with the required pharmaceutical carrier. The specification for 

20 the dosage unit forms of the invention are dictated by and directly dependent on the unique 

characteristics of the active compound and the particular therapeutic effect to be achieved, and 
the limitations inherent in the art of compounding such an active compounAfor the treatment of 
individuals. 

The nucleic acid molecules of the invention can be inserted into vectors and used as gene 
25 therapy vectors. Gene therapy vectors can be delivered to a subject by, for example, intravenous 
injection, local administration (see U.S. Pat No. 5,328,470) or by stereotactic injection (see e.g., 
Chen et ah (1994) PNAS 91 :3054-3057). The pharmaceutical preparation of the gene therapy 
vector can include the gene therapy vector in an acceptable diluent, or can comprise a slow 
release matrix in which the gene delivery vehicle is imbedded. Alternatively, where the complete 
30 gene delivery vector can be produced intact from recombinant cells, e.g., retroviral vectors, the 

* 

pharmaceutical preparation can include one or more cells that produce the gene delivery system. 
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The pharmaceutical compositions can be included in a container, pack, or dispenser 
together with instructions for administration. 

Kits and nucleic acid collections for identifying CARDIOTOX nucleic acids 

In another aspect, the invention provides a kit useful for examining cardiotoxicity of 
5 agents. The kit can include nucleic acids that detect two or more CARDIOTOX sequences. In 
preferred embodiments, the kit includes reagents which detect 3, 4, 5, 6, 8, 10, 12, 15, 20, 25, 50, 
1 00 or all of the CARDIOTOX nucleic acid sequences. 

The invention also includes an isolated plurality of sequences which can identify one or 
more CARDIOTOX responsive nucleic acid sequences. 

1 0 The kit or plurality may include, e.g. , sequence homologous to CARDIOTOX nucleic 

acid sequences, or sequences which can specifically identify one or more CARDIOTOX nucleic 
acid sequences. 

Nucleotide polymorphisms associated with CARDIOTOX genes 

The invention also includes nucleic acid sequences that include one or more polymorphic 
15 CARDIOTOX sequences. Also included are methods of identifying a base occupying a 

polymorphic in an CARDIOTOX sequence, as well as methods of identifying an individualized 
therapeutic agent for treating serotonin modulating agent associated pathologies, e.g., valvular 
heart disease, pulminary hypertention, coronary vasospasm, or valvular and peripheral fibrosis 
based on CARDIOTOX sequence polymorphisms. 

20 The nucleotide polymorphism can be a single nucleotide polymorphism (SNP). ASNP 

occurs at a polymorphic site occupied by a single nucleotide, which is the site of variation 
between allelic sequences. The site is usually preceded by and followed by highly conserved 
sequences of the allele (e.g., sequences that vary in less than 1/100 or 1/1000 members of the 
populations). A single nucleotide polymorphism usually arises due to substitution of one 

25 nucleotide for another at the. polymorphic site. A transition is the replacement of one purine by 
another purine or one pyrimidine by another pyrimidine. A transversion is the replacement of a 
purine by a pyrimidine or vice versa. Single nucleotide polymorphisms can also arise from a 
deletion of a nucleotide or an insertion of a nucleotide relative to a reference allele. 

Polymorphic sequences according to the present invention can include those shown in 
30 Table 2. Table 2 describes eleven CARDIOTOX sequences for which polymorphisms have been 
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identified. The first column of the table lists the names assigned to the sequences in which the 
polymorphisms occur. The second column lists the human GenBank Accession numbers for the 
respective sequences. The third column lists the position in the sequence in which the 
polymorphic site has been found. The fourth column lists the base occupying the polymorphic 
5 site in the sequence in the database, i.e., the wildtype. The fifth column lists the alternative base 
at the polymorphic site. The sixth column lists any amino acid change that occurs due to the 
polymorphism. 

The polymorphic sequence can include one or more of the following sequences: (1) a 
sequence having the nucleotide denoted in Table 2, column 4 at the polymorphic site in the 
10 polymorphic sequence, and (2) a sequence having a nucleotide other than the nucleotide denoted 
in Table 2, column 4. An example of the latter sequence is a polymorphic sequence having the 

nucleotide denoted in Table 2, column 5 at the polymorphic site in the polymorphic sequence. 

i 

For example, a polymorphism according to the invention includes a sequence 
polymorphism in the Novel gene fragment, All bp (98% SI to rat cDNA clone RGICF20 5* end 
1 5 similar to peroxisomal phytanoy 1-Co A alpha-hy droxylase), in which the cytosine at nucleotide 
112 is replaced by tyrosine. In some embodiments the polymorphic sequence includes a 
nucleotide sequence of myosin light chain 2 gene having the GenBank Accession No. M22815, 
wherein the tyrosine at nucleotide 1 54 is replaced by cytosine. 

In some embodiments, the polymorphic sequence includes the full length of any one of - 
20 the eleven genes in Table2. In other embodiments, the polymorphic sequence includes a 
polynucleotide that is between 10 and 100 nucleotides, 10 and 75 nucleotides, 10 and 50 
nucleotides, or 10 and 25 nucleotides in length. 
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Table 2 



Confirmed Gene 


Human Acc # 


Base 
Position of 
cSNP 


Base Before 


Base Afterc 


Change Amino Acid 
Change 


Navel gene fragment, 477 bp 
(98% SI to rat cDNA clone 
RGICF20 5* end similar to 
peroxisomal phytanoyl-CoA 
alpha-hydroxylase) 


AF023462 


112 
172 
184 


C 
G 
C 


T 
A 
T 


PRO to SER 
ASP to ASN 


Cytochrome c oxidase subunit 
IV 


M21575 


41 


G 


A 


LEUtoTHR 


Titin 


X69490 


10965 


T 


C 








11443 


C 


T 


PRO to SER 


Protein-tyrosine phosphatase 
(LRP) 


M34 668 


1604 
2351 


T 
T 


C 
C 








2356 


A 


C 


ASN to THR 


Myosin light chain 2 (MLC2) 


M22815 


154 
280 


T 
G 


c 

A 








406 


G 


T 


ARG to SER 


Adenylate kinase 3 


AB021870 


530 


A 


G 


GLUtoGLY 


Navel gene fragment, 89 bp 
(93% SI to human putative 
glioblastoma cell 
differentiation-related orotein 
(GBDR1)(AF068195)) 


AF068195 


934 
1193 


G 
G 


A 
T 




Thymosin beta-4 


Ml 7733 

r 


21 
62 
161 


G 
C 
A 


A 
T 
C 




Bcl-x 


U72398 


340 


A 


G 


ILEtoVAL 


M?ve/ gene fragment, 593 bp 
(90% SI to human calcineurin 
B-like protein (Z08983)) 


Z08983 (from 
patent 
database) 


571 
o/j 


C 


T 

T" 
1 


HIS toTYR 


Ribophorin I 


Y00281 


560 
1343 


A 
T 


G 
C 








1520 


C 


A 


PHEtoLEU 






2182 


T 


C 





79 



BNSDOCID: <WO 0163279A2 t > 



WO 01/63279 PCT/US01/05693 

The invention also provides a method of identifying a base occupying a polymorphic site 
in a nucleic acid. The method includes determining the nucleotide sequence of a nucleic acid 
that is obtained from a subject. The nucleotide sequence is compared to a reference sequence. 
Difference in the nucleotide sequence in the test sequence relative to the reference sequence 
5 indicates a polymorphic site in the nucleic acid. 

Polymorphisms are detected in a target nucleic acid from an individual, e.g., a mammal, 
human or rodent (such as mouse or rat) being analyzed. For assay of genomic DNA, virtually 
any biological sample (other than pure red blood cells) is suitable. For example, convenient 
tissue samples include whole blood, semen, saliva, tears, urine, fecal material, sweat, buccal, skin 
10 and hair. For assay of cDNA or mRNA, the tissue sample must be obtained from an organ in 
which the target nucleic acid is expressed. 

The detection of polymorphisms in specific DNA sequences, can be accomplished by a 
variety of methods including, e.g., res1riction-fragment-length--polymorphism detection based on 
allele-specific restriction-endonuclease cleavage (Kan and Dozy Lancet ii:9 10-912 (1978)), 

15 hybridization with allele-specific oligonucleotide probes (Wallace et al. NucL Acids Res. 

6:3543-3557 (1978)), including immobilized oligonucleotides (Saiki et al. Proc. Natl. Acad. 
SCI. USA, 86:6230-6234 (1969)) or oligonucleotide arrays (Maskos and Southern Nucl. Acids 
Res 21:2269-2270 (1993)), allele-specific PCR (Newton et al. Nucl Acids Res 17:2503-J2516 
(1989)), mismatch-repair detection (MRD) (Faham and Cox Genome Res 5:474-482 (1995)), 

20 binding of MutS protein (Wagner et al. Nucl Acids Res 23:3944-3948 (1995), denaturing- 
gradient gel electrophoresis (DGGE) (Fisher and Lerman et al. Proc. NatL Acad Sci. U.S.A. 
80:1579-1 583 (1983)), single-strand-conformation-polymorphism detection (Orita et al. 
Genomics 5:874-879 (1983)), RNAase cleavage at mismatched base-pairs (Myers et al. Science 
230:1242 (1985)), chemical (Cotton etal. Proc. Natl. wSci. U.S.A, 8Z4397-4401 (1988)) or 

25 enzymatic (Youil et al. Proc. Natl. Acad. Sci. U.S.A. 92:87-91 (1995)) cleavage of 

heteroduplex DNA, methods based on allele specific primer.extension (Syvanen et al. Genomics 
8:684-692 (1990)), genetic bit analysis (GBA) (Nikiforov et al. &&I Acids 2 2:4167-4175 
(1994)), the oligonucleotide-ligation assay (OLA) (Landegren et al. Science_241 :1077 (1988)), 
the allele-specific ligation chain reaction (LCR) (Barrany Proc. Natl. Acad. Sci. U.S.A. 

30 88:189-1 93 (1991)), gap-LCR (Abravaya et al. Nucl Acids Res 2 3:675-682 (1995)), radioactive 
and/or fluorescent DNA sequencing using standard procedures well known in the art, and peptide 
nucleic acid (PNA) assays (Oram et al., NucL Acids Res, 21 :5332-5356 (1993); Thiede et al., 
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Nucl. Acids Res . 24:983-984 (1996)). 

t 

For the purposes of identifying single nucleotide polymorphisms, "Specific 
hybridization" or "selective hybridization" refers to the binding, or duplexing, of a nucleic acid 
molecule only to a second particular nucleotide sequence to which the nucleic acid is 
5 complementary, under suitably stringent conditions when that sequence is present in a complex 
mixture (e.g., total cellular DNA or RNA). "Stringent conditions" are conditions under which a 
probe will hybridize to its target subsequence, but to no other sequences. Stringent conditions are 
sequence-dependent and are different in different circumstances. Longer sequences hybridize 
specifically at higher temperatures than shorter ones. Generally, stringent conditions are selected 

10 such that the temperature is about 5°C lower than the thermal melting point (Tm) for the specific 
sequence to which hybridization is intended to occur at a defined ionic strength and pH. The Tm 
is the temperature (under defined ionic strength, pH, and nucleic acid concentration) at which 
50% of the target sequence hybridizes to the complementary probe at equilibrium. Typically, 
stringent conditions include a salt concentration of at least about 0.01 to about 1.0M Na ion 

15 concentration (or other salts), at pH 7.0 to 83. The temperature is at least about 30°C for short 
probes (e.g., 10 to 50 nucleotides) . Stringent conditions can also be achieved with the addition 
of destabilizing agents such as formamide. For example, conditions of 5X SSPE (750 mM NaCl, 
50 mM NaPhosphate, 5 mM EDTA, pH 7.4) and a temperature of 25-30°C are suitable for allele- 
specific probe hybridizations. 

20 "Complementary" or "target" nucleic acid sequences refer to those nucleic acid sequences 

which selectively hybridize to a nucleic acid probe. Proper annealing conditions depend, for 
example, upon a probe's length, base composition, and the number of mismatches and their 
position on the probe, and must often be determined empirically. For discussions of nucleic acid 
probe design and annealing conditions, see, for example, Sambrook et aL, or Current Protocols in 

25 Molecular Biology, F. Ausubel et aL, ed., Greene Publishing and Wiley-Interscience, New York 
(1987). 

Many of the methods described above require amplification of DNA from target samples. 
This can be accomplished by e.g., PCR. See generally, PCR Technology: Principles and 
Applications for DNA Amplification (ed. H. A. Erlich, Freeman Press, N.Y., N.Y., 1992); PCR 
30 Protocols: A Guide to Methods and Applications (eds. Innis, et al 9 Academic Press, San Diego, 
Calif, 1990); Mattila et at, Nucleic Acids Res. 19, 4967 (1991); Eckert et al, PCR Methods and 
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Applications 1, 17 (1991); PGR (eds. McPherson et al, IRL Press, Oxford); and U.S. Pat. No. 
4,683,202 (each of which is incorporated by reference for ail purposes). 

Other suitable amplification methods include the ligase chain reaction (LCR), (See Wu 
and Wallace, Genomics 4, 560 (1989), Landegren et al.. 9 Science 241, 1077 (1988)), 
5 transcription amplification (Kwoh et al, Proc. Natl. Acad. Sci. USA 86, 1 173 (1989)), and self- 
sustained sequence replication (Guatelli etal, Proc. Nat Acad. Sci. USA, 87, 1874 (1990)) and 
nucleic acid based sequence amplification (NASBA). The latter two amplification methods 
involve isothermal reactions based on isothermal transcription, which produce both single 
stranded RNA (ssRNA) and double stranded DNA (dsDNA) as the amplification products in a 
10 ratio of about 30 or 100 to 1, respectively. 

The invention also provides a method of selecting an individualized therapeutic agent for 
treating a serotonin modulating agent associated pathology, e.g., valvular heart disease, 
pulmonary hypertension, in a subject using CARDIOTOX polymorphisms. The therapeutic 
agent can be identified by providing a nucleic acid sample from the subject, determining the 

1 5 nucleotide sequence of at least a portion of one or more of the CARDIOTOX 1-210 and 
comparing the CARDIOTOX nucleotide sequence in the subject to the corresponding 
CARDIOTOX nucleic acid sequence in a reference nucleic acid sample. The reference nucleic 
acid sample is obtained from a reference individual (who is preferably as similar to the test 
subject as possible), whose responsiveness to the agent for treating the serotonin modulating 

20 agent associated pathology is known. The presence of the same sequence in the test and 

reference nucleic acid sample indicates the subject will demonstrate the same responsiveness to 
the agent as the reference individual, while the presence of a different sequence indicates the 
subject will have a different response to the therapeutic agent. 

Similarly, the CARDIOTOX-associated sequence polymorphisms can be used to predict 
25 the outcome of treatment for a serotonin modulating agent associated pathology, e.g., valvular 
heart disease, pulmonary hypertension, in a subject A region of a CARDIOTOX nucleic acid 
sequence from the subject is compared to the corresponding CARDIOTOX sequence in a 
reference individual whose outcome in response to the treatment for the serotonin modulating 
agent associated pathology is known. A similarity in the CARDIOTOX sequence in the test 
30 subject as compared to the sequence in the reference individual suggests the outcome in the 

subject will be the same as that of the reference individual. An altered CARDIOTOX sequence 
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in the test and reference individual indicates the outcome of treatment will differ in the subject 
and reference individuals. 



Other Embodiments 

5 It is to be understood that while the invention has been described in conjunction with the 

detailed description thereof, the foregoing description is intended to illustrate and not limit the 
scope of the invention, which is defined by the scope of the appended claims. Other aspects, 
advantages, and modifications are within the scope of the following claims. 
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What is claimed is: 



1 . A method of screening a test agent for cardiotoxicity, the method comprising; 

(a) providing a test cell population comprising a cell capable of expressing 
5 one or more nucleic acid sequences selected from the group consisting of 

CARDIOTOX: 1-209 and 210; 

(b) contacting the test cell population with a test agent; 

(c) measuring expression of one or more of the nucleic acid sequences in the 
test cell population; 

10 (d) comparing the expression of the nucleic acid sequences in the test cell 

population to the expression of the nucleic acid sequences in a iH* 1 **"*^ 



20 



population comprising at least one cell whose exposure status to a cardiotoxic 
agent is known; and 

(e) identifying a difference in expression levels of the CARDIOTOX 
15 sequence, if present, in the test cell population and reference cell population, 

thereby screening said test agent for cardiotoxicity. 



2. The method of claim 1, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 1-57 and 58. 



3. The method of claim 2, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 1-43 and 44. 



4. The method of claim 2, wherein the method comprises comparing the expression of one 
25 or more genes selected from the group consisting of CARDIOTOX 45-57 and 58. 



5. The method of claim 2, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 19-43 and 44. 
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6. The method of claim 1, wherein the method comprises comparing the expression of 40 or 
more of the nucleic acid sequences. 



7. The method of claim 1, wherein the expression of the nucleic acid sequences in the test 
5 cell population is decreased as compared to the reference cell population. 



8. The method of claim 1, wherein the expression of the nucleic acid sequences in the test 
cell population is increased as compared to the reference cell population. 



10 9. The method of claim 1, wherein the test cell population is provided in vitro. 



10. The method of claim 1, wherein the test cell population is provided ex vivo from a 
mammalian subject. 



15 11. The method of claim 1 , wherein the test cell population is provided in vivo in a 

mammalian subject. 



12. The method of claim 1, wherein the test cell population is derived from a human or 
rodent subject. 



20 



13. The method of claim 1, wherein the test cell population includes a heart cell. 



14. The method of claim 1, wherein said test agent is a serotonin modulating agent. 



25 1 5. The method of claim 14, wherein the serotonin modulating agent is a serotonin reuptake 

inhibitor. 
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16. The method of claim 1, wherein the cardiotoxic agent is a dexfenflnramine of 
fenfluramine. 



17. The method of claim 1, wherein cardiotoxic agent is dihydroergotamine. 



18. A method of assessing the cardiotoxicity of a test agent in a subject, the method 
comprising: 

(a) providing from the subject a test cell population comprising a cell capable 
of expressing one or more nucleic acid sequences selected from the group 

1 0 consisting of CARDIOTOX: 1 -209 and 2 1 0; 

(b) contacting the test cell population with a test agent; 

(c) measuring expression of one or more of the nucleic acid sequences in the 
test cell population; and 

(d) comparing the expression of the nucleic acid sequences in the test cell 
1 5 population to the expression of the nucleic acid sequences in a reference cell 

population comprising at least one cell whose exposure status to a cardiotoxic 
agent is known; 

(e) identifying a difference in expression levels of the nucleic acid sequences, 
if present, in the test cell population and the reference cell population, 

20 thereby assessing the cardiotoxicity of the test agent in the subject. 



19. The method of claim 1 8, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 1-57 and 58. 



25 20. The method of claim 19, wherein the method comprises comparing the expression of one 

or more genes selected from the group consisting of CARDIOTOX 1-43 and 44. 



21 . The method of claim 1 9, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 45-57 and 58. ' 
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22. The method of claim 19, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 19-43 and 44. 



10 



15 



20 



25 



23 . The method of claim 1 8, wherein the expression of the nucleic acid sequences in the test 
cell population is decreased as compared to the reference cell population. 



24. The method of claim 1 8, wherein the expression of the nucleic acid sequences in the test 
cell population is increased as compared to the reference cell population. 



25 . The method of claim 1 8, wherein said subj ect is a human or rodent. 



26. The method of claim 1 8, wherein the test cell population is provided ex vivo from said 
subject 



27. The method of claim 1 8, wherein the test cell population is provided in viva from said 
subject. 



28. A method of identifying serotonin modulating agent, the method comprising; 

(a) providing a test cell population comprising a cell capable of expressing 
one or more nucleic acid sequences selected from the group consisting of 
CARDIOTOX 1-209 and 210; 

(b) contacting the test cell population with a test agent; 

(c) measuring expression of one or more of the nucleic acid sequences in the 
test cell population; 

(d) comparing the expression of the nucleic acid sequences in the test cell 
population to the expression of the nucleic acid sequences in a reference cell 
population comprising at least one cell whose serotonin modulating'agent 
expression status is known; and 
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(e) identifying a difference in expression levels of the CARDIOTOX 
sequence, if present, in the test cell population and reference cell population, 

thereby identifying a serotonin modulating agent 

5 29. The method of claim 28, wherein the method comprises comparing the expression of five 

or more of the nucleic acid sequences. 



30. The method of claim 28, .wherein the method comprises comparing the expression of 20 
or more of the nucleic acid sequences. 

10 

3 1 . The method of claim 28, wherein the method comprises comparing the expression of 25 
or more of the nucleic acid sequences. 



32. The method of claim 28, wherein the method further comprises comparing the expression 
15 of at least one nucleic acid sequences selected from the group consisting of ADIPO 58- 

109 and 110. 



33. The method of claim 28, wherein the expression of the nucleic acid sequences in the test 
cell population is decreased as compared to the reference cell population. 



20 



34. The method of claim 28, wherein the expression of the nucleic acid sequences in the test 
cell population is increased as compared to the reference cell population. 



35. The method of claim 28, wherein the test cell population is provided in vitro. 

* 

25 

36. The method of claim 28, wherein the test cell population is provided ex vivo from a 
mammalian subject. 
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37. The method of claim 28, wherein the test cell is provided in vivo in a mammalian subject. 

38. The method of claim 28, wherein the test cell population is derived from a human or 
rodent subject. 

5 

39. The method of claim 28, wherein the test cell includes a heart cell. 

40. A serotonin modulating agent identified according to the method of claim 28. 

10 41 . A pharmaceutical composition comprising the serotonin modulating agent of claim 40. 

42, A method of identifying a base occupying a polymorphic site in a nucleic acid, the 
method comprising: 

(a) obtaining a nucleic acid from a subject; 

15 (b) detennining at least one portion of a region of nucleotide sequence 

corresponding to a contiguous region of any one CARDIOTOX nucleotide 
sequence listed in Table 1 ; 

(c) comparing the determined nucleotide sequence to a reference sequence of 
the nucleic acid; and 

20 (d) identifying a difference in the determined nucleic acid sequence relative to 

the reference sequence, 

wherein a difference in the determined nucleic acid sequence indicates a 
polymorphic site in the nucleic acid. 

* 

25 43. The method of claim 42, wherein the subject suffers from or is at risk for, a 

pathophysiology associated with a serotonin modulator. 
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44. The method of claim 43, wherein the pathophysiology associated with a serotonin 

modulator is cardiac valvuopathy, coronary vasospasm, valvular fibrosis or peripheral 
fibrosis 



5 45. The method of claim 42, wherein the presence of the polymorphic site is correlated with 

the presence of the pathophysiology associated with the serotonin mediated pathway. 



46. The method of claim 42, wherein the nucleic acid is genomic DNA. 



10 47. The method of claim 42, wherein the nucleic acid is cDNA. 



48. A nucleic acid sequence 20-100 nucleotides in length comprising the polymorphic site 
identified in the method of claim 42. 



15 49. The method of claim 42, wherein the nucleic acid is obtained from a plurality of subjects, 

and a base occupying one of the polymorphic sites is determined in each of the subjects. 



50. The method of claim 42, wherein the subject is a human or rodent 



20 51. An isolated nucleic acid comprising a nucleic acid sequence selected from the group 

consisting of a CARDIOTOX :l-7, 10-13, 19-34, 45*53, 58-85, 111-113, 120, 130, 132- 
134 and 138 nucleic acid, or its complement 



52. A vector comprising the nucleic acid of claim 5 1 

25 

53. A cell comprising the vector of claim 52. 



54. A pharmaceutical composition comprising the nucleic acid of claim 5 1 
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55, A polypeptide encoded by the nucleic acid of claim 5 1 . 



56. A kit which detects two or more of the nucleic acid sequences selected from the group 
5 consisting of CARDIOTOX: 1-209 and 210. 



57. An array which detects one or more of the nucleic acid selected from the group consisting 
of CARDIOTOX: 1-209 and 210. 



10 58. * A plurality of nucleic acid comprising one or more of the nucleic acid selected from the 

group consisting of CARDIOTOX: 1-209 and 210. 
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